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NOTATION

The following is a list of acronyms, initialisms, and abbreviations (including units
of measure) used in this document. Some acronyms used in tables only are defined in the

respective tables.
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BEIR Committee on the Biological Effects of Ionizing Radiation
BWR boiling-water reactor

CFR Code of Federal Regulations

DOE U.S. Department of Energy
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cm centimeter(s)

cm? square centimeter(s)
d day(s)

ft foot (feet)

°F degree(s) Fahrenheit
Gy gray(s)

h hour(s)
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kg kilogram(s)

K degree(s) Kelvin, kilobyte(s)
km kilometer(s)
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RISKIND — A COMPUTER PROGRAM FOR CALCULATING
RADIOLOGICAL CONSEQUENCES AND HEALTH RISKS
FROM TRANSPORTATION OF SPENT NUCLEAR FUEL

by
Y.C. Yuan, S.Y. Chen, D.J. LePoire, and R. Rothman

ABSTRACT

This report presents the technical details of RISKIND, a computer
code designed to estimate potential radiological consequences and health risks
to individuals and the collective population from exposures associated with the
transportation of spent nuclear fuel. RISKIND is a user-friendly, semi-
interactive program that can be run on an IBM or equivalent personal
computer. The program language is FORTRAN-77. Several models are
included in RISKIND that have been tailored to calculate the exposure to
individuals under various incident-free and accident conditions. The incident-
free models assess exposures from both gamma and neutron radiation and can
account for different cask designs. The accident models include accidental
release, atmospheric transport, and the environmental pathways of radio-
nuclides from spent fuels; these models also assess health risks to individuals
and the collective population. The models are supported by databases that are
specific to spent nuclear fuels and include a radionuclide inventory and dose
conversion factors. The RISKIND code allows for user-specified accident
scenaﬁos as well as receptor locations under various exposure conditions,
thereby facilitating the estimation of radiological consequences and health
risks for individuals. Median (50% probability) and typical worst-case (less
than 5% probability of being exceeded) doses and health consequences from
potential accidental releases are calculated by constructing a cumulative
dose/probability distribution curve for a complete matrix of site joint-wind-
frequency data. These consequence results, together with the estimated
probability of the entire spectrum of potential accidents, form a comprehensive,

probabilistic risk assessment of a spent nuclear fuel transportation accident.
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1 INTRODUCTION

1.1 BACKGROUND
The RISKIND code was developed by the U.S. Department of Energy (DOE) for

analyzing radiological consequences and health risks to individuals and the collective
population from exposures associated with the transportation of spent nuclear fuel.
RISKIND can be used in conjunction with the RADTRAN 4 code (Neuhauser and
Kanipe 1992) or its updates and enhanced data modules (Chen et al. 1992) to perform a full-
scale risk assessment for the transportation of spent nuclear fuel. RADTRAN was originally
developed pursuant to the U.S. Nuclear Regulatory Commission (NRC) report Final
Environmental Statement on the Transportation of Radioactive Material by Air and Other
Modes (NRC 1977b), which was issued to demonstrate compliance with the National
Environmental Policy Act (NEPA) of 1969.

The RADTRAN code was designed primarily for estimating the collective population
risk from the transportation of radicactive materials under incident-free or accident
conditions. The RADTRAN models are not intended to be used for estimating specific risks

to individuals in the vicinity of a specific segment of a route.

The risks to individuals or a population subgroup may need to be assessed in
situations like the following:

e An individual sitting in his or her car for one hour next to a truck
carrying radioactive materials during a traffic jam;

e Individuals in a school or hospital located within 100 m of a road on
which 10 trucks pass per day, six days per week;

¢ An individual located 500 m downwind from a rail grade-crossing
accident involving a truck carrying spent fuel;

e Individuals within a 2-mi strip of a head-on collision involving a truck
carrying spent fuel;
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e An individual ingesting agricultural products that have been
contaminated by an accidental release involving a spent nuclear fuel

transportation accident; and

* An individual drinking water that has been contaminated by an

accidental release near a drinking water supply.

The radiological consequences and health risks from these "what if" situations are of great
interest and concern to the public. Specific methods for such scenarios must be used.
Calculations for individual doses have been performed previously (Sandquist et al. 1985) and
the results used in the environmental assessments (EAs) for three potential repository sites
for spent nuclear fuel (DOE 1986a, 1986b, 1986¢c). However, the approaches used for such
calculations were based on somewhat simplified models and assumptions. Substantial data-
bases and technologies relative to the transportation of spent nuclear fuel have since been
made available through the efforts of various research organizations. These databases and
technologies were used in the development of the RISKIND code. -

The RISKIND code has been implemented on the basis of four objectives:

1. The calculation of site- and route-specific radiological consequences and
health risks to exposed individuals and the collective local population,

2. The modeling of radiological and environmental pathways to humans for

specific exposure scenarios,

3. The estimation of the source term from potential transportation accident

scenarios, and

4. The estimation of cask accident responses specific to the transportation

of spent nuclear fuel.

To accomplish the first objective, RISKIND has been designed to calculate
radiological impacts at specific receptor locations for a variety of exposure scenarios.
Comprehensive mathematical models capable of inputting site-specific information at the
time of exposure are used; such information includes specific receptor locations, exposure
conditions (including individual air and food intake rates), and meteorological conditions.

The model used to assess the potential acute health effects from short-term exposures is
based on the model developed by Harvard University and the NRC (1989) and the revised
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model of Abrahamson et al. (1989, 1991). The dose-to-risk conversion factors for latent health
effects are taken from Health Effects of Exposure to Low Levels of Ionizing Radiation, BEIR V
(National Research Council 1990) and Publication 60 of the International Commission on
Radiological Protection (ICRP 1991).

RISKIND meets the second objective by considering all environmental exposure
pathways, including short-term exposure from the initial passing plume, accidental exposure
from loss of the cask shield, and long-term exposure from ground depositions and ingestion
from the food chain pathways. Pathway analysis has been emphasized for three sensitive
environments (each of which represents a unique pathway potential): a major metropolitan

area, a productive agricultural area, and a drinking water environment.

To meet the third objective, a radionuclide source inventory was compiled from the
database developed by Oak Ridge National Laboratory (ORNL) in which the data are specific
to the type of spent fuel (pressurized-water reactor [PWR] or boiling-water reactor [BWRY),
cooling times, and burnup rates (DOE 1987b)." i

To meet the fourth objective, the cask accident responses and the radionuclide
release fractions modeled by Lawrence Livermore National Laboratory (LLNL) in its report
for the NRC were incorporated into RISKIND. This LLNL/NRC report is commonly referred
to as the "NRC modal study” (LLNL 1987).

1.2 OVERVIEW

The RISKIND code was developed on the basis of the considerations discussed above.
The primary function of the code is the estimation of radiological risk to individuals and to
local population subgroups under various environmental settings. The code is designed to
be responsive to scenarios associated with transportation (by truck or rail) of spent nuclear
fuel. Therefore, the coding approach used in RISKIND emphasizes the descriptions of
scenarios, environmental settings, receptor locations, and potential health effects. The code
also incorporates the latest available methodologies and databases to facilitate the analysis
of radiological risks. Figure 1.1is a flow diagram of RISKIND showing the radiological risk
to an individual from the transportation of spent nuclear fuel.

The database was recently revised (DOE 1992). This revised database will be
incorporated into RISKIND in the next revision.



06 6 6

3

Transportation Mode
* Truck *
* Rail
Routine Operation
‘ » Fixed Distance
Accident Scenario * Passing Shipment
 Probability {
* Source Term
External Exposure
* * Gammas
* Neutrons
Atmospheric Dispersion
Short-Term Exposure Long-Tem Exposure
* Inhalation ¢ Ground Shine
* Cloud Shine * Ingestion
» Loss of Cask Shielding * Inhalation (by resuspension)
* * Cloud Shine (by resuspension)
Acute Effects +
* Hematopoietic Latent Effects
* Pulmonary ® .Somatc |¢—m
* Gastrointestinal » Genetic
I ‘ ]
Individual Risk

FIGURE 1.1 Flow Diagram of Radiological Risk to an Individual
from Transportation of Spent Nuclear Fuel

The radiological risks analyzed by RISKIND include incident-free transportation as
well as accident conditions. Exposure from incident-free transportation results solely from
the external doses received by individuals from the neutron and gamma radiation emitted
from the spent nuclear fuel cask. Under accident conditions, potential exposure to
individuals can occur through many environmental pathways if an accident leads to the
environmental release of the radioactive contents of the cask. In RISKIND, the estimated

exposure, as well as the resulting health effects, is presented individually and for each
potential pathway.
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Incident-free exposure includes those occurrences when the transport vehicle is at
a stop or in transit. Exposed individuals at a stop may include the vehicle inspector, gas
station attendant, passenger at a traffic jam, and so forth; the receptors for the in-transit
exposure may include the residents living adjacent to a highway and the passengers sharing
the traffic link with the transport vehicle. The model used by RISKIND for predicting
external exposure is based on dose rates (Chen and Yuan 1988) derived specifically for a
spent fuel cask and takes into account the ground/air scattering of the emitted gammas or
neutrons. The model also contains provisions for adjusting the dose rate for changes in cask
gizes (i.e., outer radius and length) and provides a realistic, although still somewhat

conservative, estimate of the external doses to a receptor.

Under accident conditions, various scenarios have been characterized according to
an array of spent nuclear fuel cask responses as described in the NRC'’s modal study
(LLNL 1987). In that study, all accidents are represented by discrete severity modes
(i.e., response regions). These response regions range from likely events (with minor
consequences) to highly unlikely events (with severe consequences). Twenty response regions
are characterized according to two major accident parameters: impact force and thermal force
(i.e., heat from fire). Thus, accident conditions would be affected by vehicle speed, object
hardness, impact angle and orientation, and fire location and duration. In the NRC modal
study, the bounding case release fractions have also been estimated for each response region.
All potential accident scenarios are thus fully represented by the 20 response regions.

To support a consistent and accurate estimate of a release, the spent nuclear fuel
radionuclide source inventory is derived from the database developed by ORNL (DOE 1987D).
In addition, potential release from crud (i.e., a mixture of reactor coolant corrosion products)
spallation is also incorporated. The estimate of crud release is based on a study by Sandia
National Laboratories (Sandoval et al. 1991).

The atmospheric transport model of RISKIND includes models that simulate
dispersion phenomena resulting from a short release and occurring close to the release.
RISKIND's transport model estimates levels of air and ground contamination on the basis
of specific meteorological conditions, geometry, and elevation of the release. Plume rise from
the thermal buoyancy of a release involving fire is also considered. The uncertainty of the

effect of weather conditions on the calculated doses is considered by constructing a
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cumulative probability distribution of dose values by using wind-rose data for a given site.
This probabilistic dose distribution is then used to determine the "median” (50% weather
probability) and reasonable "maximum” (95% weather probability) dose values at a given

receptor.

The pathway model includes exposure pathways from direct external radiation from
the cask (due to loss of shielding), external exposure from the radioactive cloud and ground
contamination, and internal exposure from inhalation of radionuclides in the air and

potential ingestion of contaminated foods and water.

Health effects to individuals are estimated in terms of chances of acute or latent
fatality and in terms of genetic effects from short-term exposure during initial plume passage
and long-term exposure originating from deposited radioactive materials. Acute effects are
estimated from the latest NRC health effects model (NRC 1989); latent effects are estimated
on the basis of the BEIR V Report of the Committee on the Biological Effects of Ionizing
Radiation (National Research Council 1990) and ICRP Publication 60 (ICRP 1991).

The consequence model of RISKIND includes provisions for incorporating the
consequence-reduction benefits of indoor shielding, evacuation, interdiction of contaminated
foods, and other protective actions such as cleanup of contamination to comply with
U.S. Environmental Protection Agency (EPA) protective action guide levels (EPA 1991).
Consequences can be presented either deterministically (i.e., with fixed accident parameters
and weather conditions) or probabilistically (i.e., with variable accident parameters and

weather conditions).
The information presented in this report is organized as follows:
* Mathematical models used in RISKIND — Section 2;

* Health effects models used in RISKIND, including descriptions of the
acute effects and latent health effects models — Section 3;

* Radionuclide inventory database specific to spent nuclear fuels —
Appendix A;

* Model for estimating the external dose rates for varying dimensions
(radius and length) of the spent nuclear fuel cask — Appendix B;



Method for screening the radionuclides that are significant for

radiological risk analysis — Appendix C;

Method for estimating the spallation of crud material during accidents
— Appendix D;

Method for estimating the cask response from user-supplied accident

scenarios — Appendix E;
Program structure and data transfer used in RISKIND — Appendix F;
Input required to execute RISKIND — Appendix G; and

Sample problems — Appendix H.
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2 METHODOLOGY FOR DOSE CALCULATIONS

The mathematical models used in RISKIND are described in this section. The
RISKIND code calculates radiation exposure to an individual or group of individuals (a
population subgroup) resulting from the transportation of spent nuclear fuel under both

incident-free and accident conditions.

2.1 RADIOLOGICAL HAZARD FROM INCIDENT-FREE TRANSPORTATION

2.1.1 External Dose Model

In incident-free transportation, individuals are exposed to the direct external
radiation emitted from the spent fuel cask. The external dose model is based on two types
of radiation, neutron and gamma, the dose rates of which have been modeled from a spent
fuel cask (Chen and Yuan 1988). In the external dose model, the dose rates have been
calculated separately for neutron and gamma radiation for a specific spent fuel cask
configuration (Figure 2.1) that includes air and ground scatterings from the cask. Doses
derived from the following approach can be adjusted to accommodate different cask
dimensions, according to the method described in Appendix B. The external radiation dose
rate f)(r), 9xpressed in mrem/h at a distance r meters from a cask surface, is described by

D) = DolfRy(r) + f;R ()] 2.1

where:

Dy = total dose rate at 2 m from the outer lateral surface’ of the
vehicle (i.e., 10 mrem/h if the regulation limit applies);

fo fn

fractions of dose rates emitted from the cask for gamma
and neutron radiation measured at 2 m from the outer
lateral surface of the vehicle, f, + f;, = 1.0; and

* The 10-mrem/h limit at 2 m is according to the specifications of the Code of Federal Regulations,

Title 10, Part 71, and Title 49, Part 173. As a conservative measure, the cask surface is assumed
to coincide with the carrier surface. For a more realistic assessment, the user can take the actual
carrier dimensions into consideration.
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FIGURE 2.1 Configuration of Spent Fuel Cask Relative to the Receptor and
Scattering Media (air and ground)

R(r), R(r) = dose rates at a distance r meters from the cask surface for
gamma and neutron radiation (mrem/h), normalized to 1.0
at r = 2 m from the outer lateral surface of the vghicle.

All the reference measurement points in Equation 2.1 are assumed to beatr=2 m.f If the
reference point should change, all the parameters in Equation 2.1 should be related to the

new reference point where the dose-rate measurement is performed.

The dose rates used in RISKIND were derived from a cask (DOE 1987a) used in
assessing radiation doses from the transportation of spent fuel (Chen and Yuan 1988) and

are expressed as

Ao(l)+A1+A2r, I1m<r<10m
r

D =1 (2.2)

Ag | L|+Ay(L]+As10m<rs2000m
[ 2 r

* The 10-mrem/h limit at 2 m is according to the specifications of 10 CFR 71 and 49 CFR 173. As
a conservative measure, the cask surface is assumed to coincide with the carrier surface. For a
more realistic assessment, the user can take the actual carrier dimensions into consideration.



2

7

06

3

.0

11

where A, A,, and A, are fitted coefficients in the applicable range of distances. These
coefficients were obtained from statistical dose rates calculated by using the Monte Carlo
method and assuming an air/ground environmental setting. A simple 112 relationship is
assumed to extrapolate the dose rates for distances exceeding 2,000 m. The dose rates
predicted by Equation 2.2 represent the values at the midplane perpendicular to the cask
axis. The fitted coefficients are shown in Table 2.1.° In the current derivation, these
coefficients are adjusted so that the dose rate D(r) is set at a regulatory limit of 10 mrem/h
at r = 2 m from the cask surface. When the dose rates are adjusted to meet the regulatory
limit, the parameters will be reevaluated to satisfy Equation 2.1.

2.1.2 Exposure at Fixed Distances

For transportation vehicles at stops, radiation exposure concerns are usually limited
to persons located at fixed distances from the cask. Such individuals would include truck
drivers, train crews, inspectors, escorts, service attendants, and members of the public who

are exposed at shipment stops or in traffic jams.

For exposures at fixed distances, the doses to an individual receptor are calculated

by

D(r) = Do[SFfRy(r) + SF,f R, ()T (2.3)
where: |

D(r) = individual dose at distance r meters (mrem),
l.)o = dose rate of 10 mrem/h at 2 m,
SFg, SFnr = applicable shieldihg factors for neutron and gamma
radiation, and
T = duration of exposure (h).

The parameters fx’ f. Rg(r), and R, (r) are defined in Equation 2.1.

* The coefficients in Table 2.1 have been normalized to 10 mrem/h at 1 m; they are renormalized at
2 m for the ensuing derivations.



7

0 6

12

TABLE 2.1 Coefficients of the Fitted Equations for Neutron and Gamma Dose
Rates from a Spent Fuel Cask, with Groundscattering

Neutron Coefficients

Segment Distance from
No. Cask Surface, r (m) Ay A, A,
1 1-5 9.15955 1.12880 -2.88350 x 10!
2 5-10 1.44796 x 10!  -1.92540 8.76461 x 102
3 10-50 1.43305 x 10  2.86620 -4.32586 x 102
4 50-100 6.53338 x 10! -3.89107 x 101 1.44725 x 107
5 100-400 6.31707 x 10! -2.23367 x 107 2.14649 x 10"
6 400-700 3.31005 x 10! -8.77733 x 102 6.10026 x 10°
7 700-1000 1.23630 x 10' -2.34070 x 102 1.13044 x 10°
8 1,000-2,000 1.17000 -1.23900 x 10®  3.29000 x 107
Gamma Coefficients
Segment Distance from
No. Cask Surface, r (m) A, A, A,
1 1-5 1.01839 x 10' -3.59449 x 102 -1.48173 x 107!
2 5-10 1.03586 x 10! -9.70747 x 107 3.18380 x 107
3 10-50 3.79031 x 10!  1.09056 x 10"}  -2.44353 x 107
4 50-100 441139 x 101 -1.80979 x 101 1.83778 x 10
5 100-200 5.14981 x 10! -3.03029 x 101 6.65919 x 10
6 200-500 3.23906 x 10* -8.56746 x 102 5.68388 x 10
7 500-1,000 1.50277 x 10 -3.03719 x 102 1.55808 x 10°
8 1,000-2,000 8.70000 x 10! -8.38610 x 104  2.05600 x 107

Note: The dose rate is normalized to 10 mrem/h at 1 m from the cask surface.
Equations for dose rates in mrem/h are expressed by

l.)(r)=Ao_!17+A1+A2r(for1erS 10 m), and

f)(r)=Ao_1E+A1_1.+A2(for10m5rsz,000m).
T

r

Source: Chen and Yuan (1988); data for 1,000 m < r < 2,000 m were obtained by using
the same methodology. Extrapolation beyond 2,000 m is assumed to follow the 1/r>

relationship.
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For exposure to a population subgroup under this exposure scenario, the population

dose is estimated by

D, = N,D(ry)T (2.4)
where:
Dp = population dose for population subgroup p (person-mrem),
Np = number of exposed persons in population subgroup p,
ro = exposure distance (m), and
T = duration of exposure (h).

For exposure to members of the public, such as at shipment stops, the population
density is assumed to be uniform within two concentric circles (representing minimum and

maximum distances) around the cask. In this situation, the population dose is estimated by
D,=2r PDT fﬂ D(r)rdr (2.5)
1

where:
D, = population dose at stops (person-mrem),
PD = population density at stops (person/m?),
T = duration of exposure (h),
r; = minimum exposure distance (m), and

r, = maximum exposure distance (m).

2.1.8 Exposure from a Passing Shipment

As a shipment vehicle passes by, an off-link individual will experience a changing
exposure field that is dictated by the constantly changing distance between the moving
equipment and the individual, as shown in Figure 2.2. Calculation of doses to a specific
population group is according to Equation 2.5. The parameters shown in Figure 2.2 are used
to define the appropriate population zones needed for Equation 2.5. It is possible to derive



14

On-ink o e e ————————

Population €
Shipment
LD (oD
-+ }
X min
777/ Pedestrian Zone /// /7 /77 Ve X max

Off-link

Population® General Population Zone

0 Wp, = Road width (m)
~ X min = Minimum exposure distance to off-link population (m)
0 Xmax = Maximum exposure distance to off-link population (m)
“ W, = Sidewalk width (m)
* = Only one side of the off-link population is shown
. FIGURE 2.2 Schematic Diagram of External Exposures to Various Population
o Groups from a Moving Shipment of Spent Fuel Casks
N the mathematical relationship of the locations and distances between the moving shipment
= and the receptor under such conditions. The total dose D(x) received by an individual at a
. distance x from the passing shipment is calculated by the integration of the dose rate D(r)

over the total exposure period:

D(x) = 2 f_‘o D(r) dt (2.6)

From the relationship y = vt (speed x traveling time), Equation 2.6 becomes

D(x) = Ky % [ B ay 27

where:

D(x) = total dose (mrem) to the receptor at distance x;
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unit conversion constant (102 km/m);

&

v = vehicle speed (km/h);
r = (x2+ y2)1/2’ r (m); and
dy = vdt, the distance for traveling time dt (m).

Equation 2.7 can be expressed by

D(x) = K, % I(x) (2.8)

where:

I(x) = f” Dr) — T ____dr

The term x is the distance (m) between the route and the receptor.

To estimate the off-link population dose per unit of travel distance from the passing

vehicle, a uniform population density between exposure distances x, and x, is assumed:

Doy = PD K, .3. " 1) dx (2.9)

where:

Doy, population dose (person-mrem) per meter of travel distance, and

PD

population density (persons/m?2).

2.14 Cask Dimensions and Other Key Parameters

The cask dimensions (i.e., radius and length) are adjusted on the basis of reference
(truck) cask dimensions for PWRs; adjustments have been made for dose rates (Appendix B).
Similar adjustments can be made for casks with different dimensions. The reference cask
is based on the preliminary designs of DOE’s Initiative I GA-4 truck cask for PWRs; GA-9
truck cask (General Atomics 1990) for BWRs; and BR-100, a 100-ton rail/barge cask for both
PWRs and BWRs (Babcock and Wilcox 1990). Some of the basic design characteristics are
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shown in Table 2.2, which compares DOE Initiative I casks with those used in the NRC
modal study (LLNL 1987). The model’s output consists of a dose table containing dose
parameters versus distances from the cask. Table 2.3 provides the sample dose information

versus distance for a PWR (GA-4 design) truck cask.

2.2 RADIOLOGICAL HAZARD FROM ACCIDENTS

The fuel assemblies used in commercial power reactors contain solid ceramic
uranium oxide (UO,) fuel pellets. During reactor operation, the fissions of uranium fuel
create radioactive fission and activation products. Physically, most of the radioactive
material remains in solid form within the pellets, although the pellets may exhibit some
degree of fracturing. A small fraction of the fission products, however, is in gaseous or
volatile form. The radiological hazards that could conceivably be created by this material
can occur through two distinct cask-damage mechanisms: (1) a release of material from a
damaged cask or (2) an increase in the external radiation level emanating from material
within the cask. Material releases can occur in gaseous, volatile, or solid form. Solid
particles that could be inhaled can pose a significant hazard to humans. Increased radiation
levels from material still within the cask could occur as the result of voids in the cask
shielding, which can result from mechanical forces or temperatures high enough to cause
shield materials to melt. The methods used to assess these potential radiological hazards are
described in the following sections. Section 2.2.1 describes the cask accident response and
release model, and Section 2.2.2 presents the dose calculation model for individuals; the dose
mode! for the collective local population is presented in Section 2.2.3. The cask response and
release model follows that of the NRC modal study (LLNL 1987); the individual dose model
is similar to that of the AI-RISK code (Yuan and MacFarlane 1992); and the population dose
model has been developed specifically for RISKIND applications.

2.2.1 Accident Response and Release Model

2.2.1.1 Cask Response

The responses of spent nuclear fuel casks under a range of highway and railway

accident conditions have been investigated by LLNL for the NRC. The results of this study
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TABLE 2.2 Comparison of Preliminary Design Characteristics of DOE Initiative I
and NRC Modal Study Spent Nuclear Fuel Transportation Casks

BR-100 BR-100 NRC NRC
GA-4 GA-9 Cask Cask Modal Modal
Cask Cask (rail/ (rail/ Study Study

Cask Type (truck) (truck) barge) barge) (truck) (rail)
Fuel type PWR BWR PWR BWR PWR PWR
Number of fuel assemblies 4 9 21 52 1 21
Initial uranium weight 1.69 1.59 8.89 9.19 0.46 8.89
(MTU/cask)
Length (m) 4.77 5.03 5.13 5.13 6.93 6.93
Radius (cm) 50.48 50.48 104.1 104.1 46.4 109
Fuel burnup (MWd/MTU) 35,000 30,000 35,000 30,000 33,000 33,000
Cooling time (yr) v 10 10 10 10 5 5
Maximum initial enrichment 45 45 45 4.5 b -
(wt% uranium-235)
Fraction of gamma radiation® 0.83 0.83 0.60 0.48 - -
Fraction of neutron radiation® 0.17 0.17 0.40 0.52 - -

% Dose rate fractions estimated at 2 m from the centerline of the casks.
b A hyphen indicates that data are not available.
Sources: General Atomics (1990), Babcock and Wilcox (1990), and LLNL (1987).

are provided in detail in the NRC modal study (LLNL 1987). In the NRC modal study, all
potential damages to a shipping cask during an accident are categorized according to two
principal variables: the cask structural response and the thermal response induced by cask
impact and fire, respectively. Twenty cask response regions (or categories) based on varying
levels of cask strain and temperature are categorized to represent the entire spectrum of
transportation accidents. These cask response regions and the probabilities of occurrence for

combined mechanical and thermal loads should an accident occur are shown in Figure 2.3.
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TABLE 2.3 Sample of External Dose Information Based on DOE’s Initiative I
GA-4 Truck Cask™® for a PWR

Population Off-Link
Dose from Dose at Population
Dose .Rate, Passing Stops D Dose, Dg;,
Distance D Shipment, D (person- (person-
Interval (m) (mrem/h) (mrem) mrem/h) mrem/km)*¢
1 1.00 2.13 x 10! 1.13 x 10! 0.0 0.0
2 2.00 1.00 x 10! 8.28 x 1072 1.30 x 10 9.80 x 10
3 3.00 6.01 6.43 x 102 2.50 x 10 1.72 x 10
4 4.00 3.89 5.10 x 102 3.55 x 10 2.29 x 10*
5 5.00 2.52 4.11 x 102 4.42 x 10 2.75 x 10*
6 6.00 1.82 3.51 x 102 5.15 x 10 3.13 x 10
7 7.00 1.38 3.06 x 102 579 x 10* 3.46 x 107
8 8.00 1.08 2.68 x 102  6.37 x 10* 3.75 x 10
9 9.00 8.64 x 10! 2.39 x 102 6.88 x 10 4.00 x 10™
10 1.00 x 10* 7.09 x 10! 2.14 x 102 7.34 x 10™ 423 x 10*
11 1.20 x 10! 4.99 x 10! 1.78 x 102 8.57 x 107 5.62 x 10™
12 1.40 x 10! 3.71 x 107! 1.53 x 102 9.27 x 107 4.95 x 10
13 1.60 x 10} 2.87 x 101 1.33 x 102 9.88 x 103 5.24 x 107
14 1.80 x 101 2.29 x 10! 1.18 x 102 1.04 x 10’3 5.49 x 10
15 2.00 x 10! 1.87 x 101 1.05 x 102 1.09 x 1073 5.71 x 10™
16 2.50 x 10! 1.21 x 107 8.19 x 103 1.20 x 103 6.18 x 10™
17 3.00 x 101~ 8.44 x 102 6.60 x 10’3 1.28 x 107 6.55 x 10
18 3.50 x 10!  6.16 x 102 5.43 x 10° 1.35 x 102 6.85 x 10-4
19 4.00 x 10! 4.64 x 102 4.53 x 1073 1.42 x 102 7.10 x 107*
20 4.50 x 10} 3.57 x 102 3.83 x 10° 1.47 x 102 7.31 x 10*
21 5.00 x 10* 2.77 x 102 3.25 x 1072 1.52 x 102 7.48 x 10
22 6.00 x 10! 1.77 x 102 2.51 x 10° 1.59 x 102 7.77 x 10™
23 7.00 x 10} 1.24 x 102 2.00 x 102 1.65 x 1078 8.00 x 10*
24 8.00 x 100  9.04 x 102 1.63 x 10 1.70 x 103 8.18 x 10™*
25 9.00 x 10! 6.82 x 102 1.35 x 10 1.74 x 103 8.33 x 10™
26 1.00 x 10% 5.27 x 10° 1.13 x 103 1.78 x 103 8.45 x 10
27 2.00 x 102 8.37 x 1074 3.06 x 10 1.96 x 10°° 9.17 x 10*
28 3.00 x 102  2.41 x 10* 1.12 x 10* 2.04 x 103 9.38 x 10
29 4.00 x 102 8.04 x 10° 4.36 x 10° 2.07 x 1073 9.46 x 10
30 5.00 x 102 2.71 x 10 1.79 x 105 2.08 x 103 9.49 x 10™*
31 6.00 x 102 1.17 x 105 8.40 x 106 2.09 x 103 9.50 x 10
32 7.00x 102 5.08 x 10 387x10%  2.09x10% 9.51 x 10*
33 8.00 x 10% 1.99 x 10 1.72 x 108 2.09 x 103 1.06 x 107
34 9.00 x 102 7.26 x 107 8.58 x 107 2.09 x 103 1.06 x 10™*
35 1.00 x 10° 4.19 x 107 5.93 x 107 2.09 x 1073 1.06 x 10
36 1.10 x 10° 2.84 x 10”7 421x 107 209 x 102 1.06 x 10
37 1.20 x 108 1.93 x 107 297x 107 209 x 103 1.06 x 10
38 1.30 x 10° 1.29 x 107 2.10 x 107 2.09 x 10°? 1.06 x 10
39 1.40 x 10° 8.52 x 108 1.48 x 107 2.09 x 10° 1.06 x 10™*
40 1.50 x 103 5.49 x 10 1.05x 107  2.09 x 103 1.06 x 107
41 2.00x10°  6.07 x 10° 382x 108  2.09x10° 1.06 x 10*
42 3.00 x 10° 2.72 x 10° 2.54 x 108 2.09 x 102 1.09 x 104
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Population Off-Link
Dose from Dose at Population
Dose Rate, Passing Stops D, Dose, D,

Distance D Shipment, D (person- (person-
Interval (m) (mrem/h) (mrem) mrem/h) mrem/km)°
43 4.00x 10° 152 x 10° 191x 108 209 x 103 9.51 x 10
44 5.00x 10°  9.75x10°  153x10%  2.09 x 1073 9.51 x 10
45 100x 10*  243x10°  763x10° 209 x 107 9.51 x 10*

® It is assumed that the fraction of the gamma dose (f) is equal to 0.83, that the
fraction of the neutron dose (f,) is equal to 0.17, an(f that the shielding factor is
equal to 1. The dose rate is assumed to be the regulatory limit, that is, 10 mrem/h
at 2 m from the surface of a GA-4 truck cask.

The dose information contains D = dose rate (Equation 2.1), D = dose from
passing vehicle (Equation 2.8), D, = population dose at stops (Equation 2.4) for
population density of 1 person/km?, and Dy, = off-link population dose
(Equation 2.9) for population density of 1 person/km?. The vehicle speed (V) is
assumed to be 1 km/h.

The population dose represents the dose to the population on one side of the road
adjacent to the vehicle.

The most important accident conditions used to define the mechanical loads imposed
on a cask during an accident are those associated with various impacts. Because of the large
weight, hardness, and rigidity of spent fuel casks, loads caused by crushing, projectiles, or
other mechanisms have been demonstrated to be far less damaging than loads caused by
impacts with hard, massive objects. As in any impact involving a motor vehicle or train, the
damage sustained would depend on vehicle speed, angle of impact, hardness and massiveness
of the object struck, and orientation of the vehicle or object at the time of impact. The
temperature of an accident-generated fire is the most important consideration in assessing
potential cask functional degradation. The cumulative heat affecting a cask depends not only
on the temperature and duration of the fire but also on the extent to which the cask is
exposed. Data on fire temperatures and durations are not readily available in accident
records; however, conservative estimates of fire temperatures and duration can be calculated
on the basis of pertinent information about the accident, such as the maximum fuel volume

carried by a typical tank truck and the nature of the product being shipped. Another
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Legend:

(P,) = Probability of occurrence assuming a truck accident occurs.
(P,) = Probability of occurrence assuming a rail accident occurs.
The number in the upper right-hand corner of each cell represents RISKIND cask response region numbering.

4 8 12 16 20
R(4,1) R(4,2) R(4,3) R(4,4) R(4,5)
(P)1.532 x 1077 3.926 x 10" 1.495 x 10°14 7.681 x 10°16 <1 x 10716
(P)1.786 x 107 3.290 x 10°2 2.137 x 10°13 1.644 x 10°% 3.459 x 1071
3 7 11 15 19
RG,1) R(3,2) R(3,3) R(3,4) R(3,5)
(P,)1.7984 x 103 1.574 x 10°7 2.034 x 107 1.076 x 107 4873 x 10°®
(P)5.545 x 10 1.0217 x 1077 0.634 x 108 5.162 x 1078 5.296 x 108
2 6 10 14 18
R(2,1) R2,2) R(2,3) R(2,4) R(2,5)
(P,)3.8192 x 10 2.330 x 10”7 3.008 x 107 1.592 x 10°7 7.201 x 10°®
(P,)2.7204 x 10 5.011 x 107 3.255 x 10°7 2.531 % 1077 1.075 x 1078
1 5 9 13 17
R(1,1) R(1,2) R(1,3) R(1,4) R(1,5)
(P,)0.994316 1.687 x 108 2.362 x 10°° 1.525 x 105 9.570 x 106
(P ,)0.993962 1.2276 x 107 79511 x 10 6.140 x 10 1.249 x 10°*

(500)

Thermal Response (lead midlayer thickness temperature, °F)

FIGURE 2.3 Matrix of Cask Response Regions and Probabilities of Occurrence for Combined Mechanical and
Thermal Loads (Source: LLNL 1987)
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accident condition required to describe cask response is the relative location of a cask to the
fire during an accident. Appendix E presents the method used in RISKIND for estimating
the cask response from user-supplied accident scenarios. Stammer et al. (1990) have
characterized accident events on the basis of actual or potential situations that result in
levels of structural and thermal response such that at least one event is defined for each of
the 20 response regions in the matrix in Figure 2.3. The NRC (Lahs 1987) has also provided

the predicted cask response to a number of selected historical accident events.

2.2.1.2 Release Fractions

According to the NRC modal study (LLNL 1987), three mechanisms are necessary
for establishing a release path from the spent fuel to the environment: (1) diffusion from
cracked fuel pellets, (2) a leak from a breach of the fuel rod cladding, and (3) a leak through
deteriorated cask seals. Before radioactive material is released into the cask cavity, the
cladding must be breached during an accident. A fuel rod’s cladding can be breached as a
result of high impact or high temperature. The percentage of fuel rods that can be breached
by high impact and fires in a transportation accident is estimated in the NRC modal study.
After arod is breached, radioactive gases, volatiles, and solids can potentially escape into the
cask cavity. Only rod burst and oxidation were considered significant release mechanisms in
the NRC modal study. It was conservatively assumed that all the released materials in the
cask cavity would be released to the environment if a leak path developed in the
containment. A leak path is assumed to occur for any transportation accident resulting in
a maximum strain in the inner containment shell greater than 0.2%, or in a lead midlayer
thickness temperature exceeding 500°F.

On the basis of the above assumptions, the radionuclide release fractions to the
atmosphere, Rf, are presented in Table 2.4 for five types of radionuclides and the 20 modal
study cask response regions. Radionuclides are grouped by physical and chemical behavior:
particulates; ruthenium, cesium, and iodine isotopes; and noble or inert gases. The total
release is the radionuclide inventory times the release fraction. Appendix A describes the
radionuclide inventory specific to spent nuclear fuels derived for use in RISKIND. However,

because it is necessary to limit the number of nuclides for each assessment when using
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TABLE 2.4 Radioactive Material Release Fractions from Accidents Occurring under Various Cask
Response Regions

Release Fraction®

Cask Response Region Vapors
Modal Study RISKIND Inert Gas Iodine Cesium Ruthenium  Particulates
R(1,1) )] 0.0 0.0 0.0 0.0 0.0
R(1,2), R(1,3) (5,9) 99x10° 75x105 60x10%  81x107 6.0 x 108
R(2,1), R(2,2), R(2,3) (2,6,10) 33x102 25x10* 20x10° 27x10° 2.0 x 10”7
R(14), R(2,4), R(3,4)  (13,14,15) 39x10% 43x10% 20x10*  48x10° 2.0 x 106
R(3,1), R(3,2), R(3,3) (3,7,11) 33x10! 25x10° 20x10* 27x10° 2.0 x 10

R(1,5), R2,6), R(3,5), (17, 18,19,
R(4,5), R(4,1), R(4,2), 20,4, 8,
R(4,3), R(4,4) 12, 16) 63x10! 43x102 20x10°  48x10™ 2.0 x 100

& [n RISKIND, the release fraction represents the fraction of the total fuel inventory in the cask that would be
released into the atmosphere.

Source: LLNL (1987).

44
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RISKIND (up to 40 nuclides), and because not all of the radionuclides are radiologically
significant in the environment, a selection process was used to reduce the number of nuclides.

This screening method is described in Appendix C.

Because the results of the modal study were derived from representative cask
designs selected by the NRC (see Figures E.1 and E.2, Appendix E), these release fractions
are used by RISKIND as default values. A separate study should be performed to derive
release fractions for cask designs significantly different from those used in the NRC modal
study.

The release of radioactivity in the crud is treated separately in RISKIND because
crud is a mixture of reactor coolant corrosion products that have deposited on the surfaces
of fuel rods and can be released during a transportation accident without severe damage to
fuel cladding. Crud contains mostly neutron-activated nuclides and may also contain fissile
particles and fission products: Dunng Vshipmre.nt, crud may spall from the rods, become
airborne in the cask cavity, and be released to the environment should a leak path develop
in the cask containment system. The spalling can be caused by impact, vibration, abrasion,
or a rapid thermal transient. The amount of spalled crud that may be released is dependent
on the spallation properties and particle size distribution. The amount of crud plated on the
spent fuel varies considerably and depends on plant operating conditions and the water
chemistry of the reactor and storage pool. The amount of crud material in a cask and the
fraction that could be spalled from a shipping cask during accidents are estimated on the
basis of the method described in a recent Sandia National Laboratories report
(Sandoval et al. 1991). The approach used in RISKIND to estimate the crud spalled during
an accident is given in Appendix D. All of the spalled crud material is conservatively
assumed to be released to the environment for all accident response regions except R(1,1), for

which no release is assumed because there is no leak path to the environment.
222 Individual Dose Model

22.2.1 Atmospheric Transport Model

The atmospheric transport model used in RISKIND is a Gaussian puff dispersion

model. Radionuclides released from a shipping cask are transported by the wind and are
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diffused as a result of atmospheric turbulence. The source must be described in terms of
location, physical parameters, type of radionuclide, and rate of emission. The atmospheric
transport model in RISKIND calculates concentrations in air at the downwind locations for
the two types of radionuclides: (1) inert gaseous radionuclides and (2) vapor or particulate
radionuclides. RISKIND uses a plume-rise model developed by Briggs (1969) to estimate
buoyancy rise of the release. An initial source dispersion parameter is used to model the
source geometry of the release. Depending on circumstances, either the standard
Pasquill-Gifford dispersion coefficients (Slade 1968; Eimutis and Konicek 1972) or the
Briggs (1974) dispersion coefficients can be used. The former are suitable for ground-level
releases; the latter are better for elevated releases. For vapor or particulate radionuclides,
deposition of the plume content from the puff by either dry or wet deposition is also
considered for any user-specified receptor location. Both air and ground concentrations of

radionuclides are calculated for the estimation of exposure via various pathways.

222.1.1 Theory

The general theory on which the dispersion calculation in RISKIND is based is
described in this section. Details of the dispersion model are also described, including
meteorological conditions, effective emission height, initial dispersion geometry, wind power-
law ‘adjustment, terrain height adjustment, and depletion correction and ground

contamination.

For a puff generated from a point source with an effective emission height H above

ground level, the Gaussian dispersion equation is (Pasquill 1974)

C.(x,y,2,t) = ___._Q"__ exp [— r? ] exp |- (z-H? |, exp -LZLI{)E (2.10)
(2n)¥2 oyz o, 20, 2 2,° 20,
where:
C,(x,y,z,t) = air concentration at x,y,z from a release at 0, 0, H (Ci/m%);
Q, = effective release source term for a receptor at x with

depletion by deposition (Ci) (Q, is discussed later in reference
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to Equations 2.32 and 2.38 for dry and wet depositions,

respectively);

¢ Oy = dispersion coefficients (m) in the horizontal and vertical

directions, respectively;

¥ = (x-ut)?+ y2, for which horizontal Gaussian symmetry has
been assumed (i.e., 6, = cy) (m?); x is the downwind distance
from the release point, and y is the crosswind distance from
the plume centerline;
u = average wind speed (m/s);
t = time since release (s); and

H

effective emission height (m).

The ground-level concentration (z = 0) for a discrete puff is

2 2
C,(x,y,0,t) = 2% exp{-| L+ H° (2.11)
(21!)3/2_0y o, 20y2 2022

As a conservative measure, the receptor is assumed to be located downwind of the plume
throughout the entire course of plume passage; radionuclide decay is ignored during this time
period. Thus, the time-integrated ground-level air concentration (from time of release to

infinity) at the receptor is used as the concentration for the dose calculation and is calculated
as

Co(x,y,0) = fo = C,(x.y,0,t) dt (2.12)

which can be shown to be (Slade 1968)

- 2 2
Cuxy,0) = — ¥ exp| - |3 . H2 2.13)
fiGy Gz u 20,,2 20,°

where Q, is the source term discussed for Equations 2.32 and 2.38.
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2.2.2.1.2 Plume Reflection

The existence of a stable air layer at high altitudes under unstable and neutral
atmospheric conditions affects the atmospheric dispersion at great distances from the release
point. This effect is the result of the upward dispersion of the plume, which is eventually
restricted when the plume encounters an elevated stable layer (or lid) or a mixing height at
some height L. In RISKIND, the plume is assumed to be reflected by this stable layer at

these distances. With vertical distribution limited by reflections, Equation 2.13 becomes

_ 2 ‘
C.(x,y,0) = ___8"__ exp |- ] (2.14)
2m uoy L 2oy2 )

Equation 2.14 is used when o, is of the same order as L and a uniform distribution can be
assumed. The following conditions are used to determine which of these two equations,

Equation 2.13 or 2.14, is used for the dispersion calculation.

Equation 2.13 is used for distances where

_H
0,(x) . 1 T (2.15)

L 1.2
Equation 2.14 is used for (Powell et al. 1979)

(1) 0 < H/L < 0.5, where

G,(x)

> -2.37(%)2 . 0.489(%) + 0.756 and (2.16)
(2) 0.5 < H/L < 1.0, where

O,(x)

> -2.37(%)2 . 4.25(%) - 1.13 2.17)

At downwind distances between the no-mixing (Equation 2.13) and the total mixing
(Equation 2.14) conditions, the concentration is determined by a linear interpolation between

Equations 2.13 and 2.14.
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2.2.2.1.3 Mixing Height

The value of the mixing height (L) can be either an input value or estimated from
the annual average values (Holzworth 1972). In the latter case, the mixing height is

estimated from the following equation:

1.5 Lyy, for an extremely unstable atmosphere (stability class A)
L = (2.18)

i 0.5 (Lgm + Lpm) for a neutral atmosphere (stability class D)
where:

Lim mean annual morning mixing height, and

Lom

For other unstable situations (stability classes B and C), L is taken to be equal to me. The
mixing height does not apply to stable atmospheric conditions.

mean annual afternoon mixing height.

2.2.2.14 Meteorological Conditions

The dispersion model of RISKIND requires the following meteorological data:
1. Stability class (A through F),

Wind speed (m/s),

Mixing height (m) (for stability classes A through D),

Ambient temperature (K), and

o L N

Rain or precipitation rate (mm/h).

The dispersion model in RISKIND requires the input of weather conditions either by single
stability class, wind speed, mixing height, and ambient temperature or by joint-frequency
data on weather conditions over a period of time (e.g., annual data). The atmospheric
stabilities are classified into six categories (A, B, C, D, E, and F) in order of increasing
stability; Pasquill (1974) established criteria for stability classes. The values of o, and g, are
strongly dependent on atmospheric stability; calculations of o, and o, are based on a formula
derived by Briggs (1974) and Pasquill-Gifford (Eimutis and Konicek 1972). The following
empirical formula was derived by Briggs (1974) from data collected from elevated releases:

Oy(x) or 6,(x) = ax (1 + bx)° (2.19)
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where a, b, and ¢ are parameters that are dependent on stability class. In addition, Briggs
coefficients have been derived for two different population zones (i.e., rural and urban).
Values of these parameters are given in Table 2.5. Briggs coefficients are recommended for

releases occurring at elevated levels.
The empirical formula derived for Pasquill-Gifford parameters has the following
forms:

o,(x) = (0.000246 6" + 0.00576 o5 + 0.066) x %! (2.20)

and
0,(x) = ax® + ¢ (2.21)

where Gy, a, b, and ¢ are empirical parameters. Table 2.6 provides data for parameters Gy,
a,b, and c. It is recommended that Pasquill-Gifford coefficients be used for releases occurring
at or near ground level. In RISKIND, the selection criterion for the dispersion coefficients
is such that Pasquill-Gifford dispersion coefficients are used if the effective x:elease height H

is less than or equal to 30 m; otherwise, Briggs dispersion coefficients are used.

22.2.1.5 Wind Power-Law Adjustment

RISKIND uses a power-law function with the following form:

v _[(H[ 2.22)
U, Za

This equation is used to adjust the wind speed input U, from the height of measurement z,
to the height H of the plume for the dispersion calculations. The default power exponent p
of RISKIND for each stability class is A = 0.07, B = 0.07, C = 0.10, D =0.15, E = 0.35, and
F = 0.55 for the rural population zone; and A = 0.15, B = 0.15, C=020,D =025, E = 0.40,

and F = 0.60 for the urban and suburban population zones.
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TABLE 2.5 Dispersion Coefficients for Elevated Releases

Oy
Rural Urban
Stability
Weather Conditions Class a b c a b c
Extremely unstable A 0.22 0.0001 -0.5 0.32 0.0004 -0.5
Moderately unstable B 0.16 0.0001 -0.5 0.32 0.0004 -0.5
Slightly unstable C 0.11 0.0001 -0.5 0.22 0.0004 -0.5
Neutral D 0.08 0.0001 -0.5 0.16 0.0004 -0.5
Moderately stable E 0.06 0.0001 -0.5 0.11 0.0004 -0.5
Very stable F 0.04 0.0001 -0.5 0.11 0.0004 -0.5
cZ
Rural Urban
Stability
Weather Conditions Class a b c a b c
Extremely unstable A 0.20 0.0 0.0 0.24 0.001 0.5
Moderately unstable B 0.12 0.0 0.0 0.24 0.001 0.5
Slightly unstable C 0.08 0.0002 -0.5 0.20 0.0 0.0
Neutral D 0.06 0.0015 -0.5 0.14 0.0003 -0.5
Moderately stable E 0.03 0.0003 -1.0 0.08 0.00015 -0.5
Very stable F 0.016 0.0003 -1.0 0.08 0.00015 -0.5

Source: Briggs (1974).

2.2.2.1.6 Effective Emission Height

To complete the solution for the ground-level concentration of a puff release
(Equations 2.13 and 2.14), an effective radionuclide release height H must be calculated from
the phyéicél parameteré associated with the source emission. The effective release height
resulting from the plume rise was derived by Briggs (1969) and has been incorporated into
RISKIND. The Briggs formulas account for release momentums and buoyancy rise, both of

which are also dependent on stability class and wind speed.

Gases discharged from an accidental release will rise above the release point as a
result of the momentum of the gas, such as in an accident involving fire or as a result of
thermal buoyancy if the gases are substantially above ambient temperature. Because the
momentum effect is not dominant for releases associated with spent nuclear fuel

transportation accidents, only plume rise buoyancy is considered. The plume rise Ah, when
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TABLE 2.6 Dispersion Coefficients for Ground-Level Releases

Coefficients
Applicable Range Stability
(downwind distance, m) Class Oy a b c
x > 1,000 A 25 0.00024 2.094 -9.6
B 20 0.055 1.098 20
C 15 0.113 0911 0.0
D 10 1.26 0516 -13.0
E 5 6.73 0.305 -34.0
F 15 18.05 0.18 -48.6
100 < x £ 1,000 A 25 0.00066 1.941  9.27
B 20 0.0382 1149 33
C 15 0.113 0911 0.0
D 10 0.222 0.725 -1.7
E 5 0.211 0.678 -1.3
F 1.5 0.086 0.74 -0.35
x < 100 A 25 0.192 0936 0.0
B 20 0.156 0.922 0.0
C 15 0.116 0.905 0.0
D 10 0.079 0.881 0.0
E 5 0.063 0871 0.0
F 1.5 0.053 0814 0.0

Source: Data from Eimutis and Konicek (1972).

added to the physical height of release point h, results in effective release height H. The
elevation of the plume centerline will remain at the effective height until meteorological
conditions change. Because RISKIND is designed for relatively short-distance dispersion
calculations, such changes in meteorological conditions are not considered; consequently, the

effective plume height remains the same throughout the course of plume passage.

The following method by Briggs (1969) is used to estimate buoyant plume rise. For

stability classes A, B, C, and D, the plume rise is given by

1.6 FU3 x23
u

Ah = ,forx <10 h

1/3 2/3
Ah=1'6F (10 h) ,forx>10h
u
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where:
Ah = plume rise (m), which is also equal to H - h;
F = 3.7x10° Q;, (Q;, is the heat flux due to the afflux of released gases,
in cal/s);
h = physical release height (m);
x = distance downwind (m); and
u = wind speed (m/s).

For stability classes E and F, Equation 2.19 is also used for distances up to

x = 2.4 us'V2, beyond which the plume is assumed to level off. For higher values of x,

Ah = 2.9(F/us)V3 (2.25)

where s is the stability parameter defined as

g = g/T.[ag;a . l] (2.26)
where:
g = gravitational acceleration (m/s2),
T, = ambient air temperature (K),
-z = vertical distance above the release point (m),
¢ = normal adiabatic lapse rate of atmosphere (0.0098 K/m), and
T + 0 = potential temperature lapse rate (0.002 for stability class E and

0.035 for stability class F).

Equations 2.23 through 2.26, which have been recommended by Briggs, contain wind speed
in the denominator; this would produce unrealistically high values of infinite plume rise for
very low wind speeds. Because the Briggs equations are applicable only to windy conditions,

a minimum wind speed of 0.1(m/s) is imposed in the above plume-rise calculations.
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For stable situations when the wind is so light that the plume rises vertically, the

final plume rise is given by Briggs as
Ah = 5.0F V4 o -3/8 (2.27)

In RISKIND, the smaller value of Ah from Equations 2.25 and 2.27 is used for the final

plume rise for a stable atmosphere (stability classes E and F).

2.2.2.1.7 Initial Dispersion Geometry

The initial dispersion of the plume at the source is modeled according to the method
of virtual point source by Petersen and Laudas (1986). For releases at high elevations, the
initial dispersion usually has little influence on downwind concentrations. However, if the
source is large enough or close enough to the ground, then the initial size is important in
determining ground-level concentrations near the source. For a cask near the ground, the
initial horizontal dispersion is calculated by dividing the cask horizontal dimension by 4.3;
the initial vertical dispersion parameter is derived by dividing the physical height of the cask
by 2.15 (Petersen and Laudas 1986). These initial dispersion parameters are then used to
estimate the virtual source location. This method of accounting for the cask size of a near-
ground-level release gives reasonable concentration estimates at downwind distances greater

than approximately five times the initial horizontal dimension of the cask.

2.2.2.1.8 Buoyancy-Induced Dispersion

Buoyancy-induced dispersion is considered in RISKIND because emitted plumes
undergo a certain amount of growth during the plume-rise phase as a result of turbulent
motions associated with plume release conditions and turbulent entrainment of ambient air.
Pasquill (1974) suggests that this induced dispersion, 0,, can be approximated by the
following equation:

g = % (2.28)

The effective dispersion can then be determined by adding variances such as

Oze = (ozb2 + 022)1/2 (2:29)
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where o, is the effective dispersion and o, is the dispersion due to ambient turbulence
levels. At the distance of final rise and beyond, 6, is a constant when the plume rise (Ah)

of the final rise is used.

Because the plume can be assumed to be symmetrical about its centerline in the
initial growth phases of release, the calculation assumes that buoyancy-induced dispersion
in the horizontal direction is equal to that in the vertical direction, Oy, = Ah/3.5. This
expression is combined with that for dispersion due to ambient turbulence in the same
manner described above for the vertical direction. These effective dispersion parameters are

used to replace o, values in equations necessary to calculate concentrations in the air.

In general, buoyancy-induced dispersion has little effect on maximum concentrations
unless the release height is small compared with the plume rise. Also, buoyancy-induced
dispersion is most effective in simulating concentrations near plume centerlines close to the
source, where treating the emission as a point source confines the plume to a volume much

smaller than the actual plume.

22.2.19 Terrain Height Adjustment

Ridges and hills downwind from a transportation accident require that the release
height derived for flat terrain be adjusted to account for the terrain deviations. Stability-
dependent plume-path coefficients are used in RISKIND to calculate the effects of terrain
elevation on the height of the plume centerline. The terrain-corrected effective release height

(H,) above the terrain is calculated by the fpllowing equation (Ross et al. 1985):

H;=H-(1 - P) [min (H, E, - E})] (2.30)
where:

H = h + Ah, effective release height (m);

h = physical release height (m);

Ah = plume rise (m);

P, = plume-path coefficient (discussed in the following);

E, = receptor elevation (m); and

E_ = release elevation (m).



9

06

34

For neutral and unstable atmospheric conditions (stability classes A, B, C, and D),
the plume is lifted half the difference between the elevation of the receptor and the elevation
of the base of release point. In addition, the plume must always be at least half the height
above ground that it would be with no topography. Under such conditions, the plume-path
coefficient P, is set at 0.5. For stable conditions, it must be at least one-third the height.
The value of P, is then set at 0.3. A plume-path coefficient (P,) of 1 represents a flat,

nonterrain-lifted plume.

2.2.2.1.10 Depletion Correction and Ground Contamination

Methods for calculating ground contamination from radionuclide deposition are
described in this section. Two mechanisms of deposition (i.e., dry and wet deposition) account

for radionuclide depletion from the plume.

Dry Deposition. With the exception of inert gases, all fission products released
from a shipping cask will primarily be in particulate form. Unless the shipping casks are
severely damaged, these particulates are generally released in small sizes (i.e., less than a
few microns). The vertical movement of these small particles is largely dependent on the
vertical turbulence and mean motion of the air; settling of the particles by gravity is minimal.
Deposition of such small particles on the ground surface is the result of turbulent diffusion
and Brownian motion. Chemical absorption, impaction, and other physical and chemical
processes cause the material to be retained at the surface. Such a deposition mechanism
depletes the amount of radioactivity in the plume and thus affects the potential radiological
hazards as the plume travels farther downwind. Radiological hazards to individuals occur
by way of either direct exposure from the ground or indirect exposure via the ingestion of
contaminated foodstuff.

Calculation of the dry deposition rate involves the concept of deposition velocity, that
is, the ratio of the deposition rate to the air concentration expressed in units of velocity. The

time-integrated ground surface concentration Cg(x,y) is given by

Cgxy) = Calxy) V4 (2.31)
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where V is the deposition velocity. The deposition velocity (V,) is determined from either

field or laboratory measurements of air and ground concentrations.

Many measurements of dry deposition velocity have been reported by McMahon and
Dennison (1979) and Sehmel (1980). Values for particulates range over several orders of
magnitude and depend on meteorological conditions, surface conditions, and nuclide types.
Table 2.7 presents the deposition veldcity range for various particulate radionuclides. A
default value of 0.001 m/s is used for the V, for particulates in RISKIND. However, the user

may assign a site-specific value rather than the default value.

When depletion by deposition is considered, the initial source term Q, at the release
point can be replaced by a depleted source term Q, along the downwind sector. In this
approach, it is assumed that the depletion reduces only the effective source strength and that
the vertical Gaussian profile remains unchanged. In this derivation, the total activity has

been conserved.

The reduced source strength Q, due to deposition is calculated from the following

equation:

Qu=Qexp| - 2 [*exp Fw) ax (2.32)

O

where Q is the initial release inventory of radionuclides. At downwind distances not affected

by the presence of a mixing layer,

: 2
Fx) = -1 |H |/ 62 (2.33)
3|32

Z
At downwind distances where total mixing by the presence of a mixing layer can be assumed,

1
Fix) = — 2.34
(x) T (2.34)

At downwind distances between the nonmixing (2.33) and total mixing (2.34) conditions, F(x)
is determined by a linear combination of Equations 2.33 and 2.34. The integral expressions
in Equation 2.32 are evaluated numerically in RISKIND by using a Simpson’s rule computer

subroutine.
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TABLE 2.7 Deposition Velocity Data Summary for Particulate

Radionuclides

Deposition Velocity Deposition

Depositing Material (cr/s) Surface

Barium 0.001 - 0.006 Grass
Strontium 0.002 - 0.01 Grass
Radium 0.05- 0.5 Tank
Plutonium 3.2-173 Tray
Cesium-137 0.09 = 0.06 Water

0.04 = 0.05 Soil

0.2-0.05 Grass
Ruthenium-103 2310 Water

01+02-06+04 Soil

0.02 - 0.8 Grass
Zirconium-95, Niobium-95 57+34 Water

29227 Soil
Beryllium-7 0.6 -5.3 Ocean with rain
Tellurium-127, Tellurium-129 0.7+13 Sticky paper

Source: Sehmel (1980).

Wet Deposition. Radionuclides can also be removed from a plume by rain or
snowfall. In wet deposition, the depletion mechanism of radionuclides is such that the plume
is "washed out" by rain or snow. Thus, the wet deposition rate is dependent on the total
amount of radioactivity contained in the plume, in contrast to dry deposition for which the
depletion is closely related to the air concentration at ground level. The fraction of material
removed per unit time by wet deposition is known as the "washout coefficient,” V,,, and is

defined as follows:

dCs 2.35)
@

1
Vo = = —
w C.

where C, equals the local particulate air concentration. Calculated and measured values of
the washout coefficient range from about 1.0 x 10 to 1.0 x 10" per second (Ritchie et al.
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1978; McMahon and Dennison 1979). The value of the washout coefficient increases with an
increasing rainfall rate, R (mm/h). In RISKIND, it is assumed that the washout coefficient
is linearly dependent on the rainfall rate:

Ve = W, R (2.36)

where W_ is assumed to be 1.0 x 104 (1/s) ([mm/h]) for stable atmospheric conditions (i.e.,
warm frontal storm; stability classes E and F), and 1.0 x 103 for unstable atmospheric

conditions (i.e., convective storms; stability classes A to D).

The ground contamination in the precipitation region is given by

2
Cglx,y) = & exp | - (2.37)
@n)V2 gyu 20, 2

where Cg can be expressed in Ci/m2, and Q, is the depleted source strength at downwind
distance x.

For a steady rainfall rate and wind speed, Q, is given by

Qy = Qg exp (- Vyx/u) (2.38)

For low rainfall rates (i.e., a few millimeters per hour), Equations 2.37 and 2.38 are adequate.
For high rainfall rates, the redistributidn of the deposited radioactivity from surface runoff
should be taken into account while evaluating the ground contamination from washed
activity. Such conditions are not included in RISKIND.

2.2.22 Environmental Pathwhy and Dosimetry Models

Two basic elements are necessary to assess human health hazards from released
radioactivity. First, the concentrations of radioactive material in the environmental media
must be determined. Second, the pathways of exposure that should be considered must be
selected. The environmental pathways following an accidental release and the potential
exposure modes are shown in Figure 2.4. For an accidental release over a short duration,
such as that considered in RISKIND, the concentrations of contaminants along the dispersive
paths generally build up to a maximum value shortly after the release and decrease steadily
thereafter.
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FIGURE 2.4 Environmental Pathways and Exposure Modes for a Spent
Nuclear Fuel Cask Accident
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Adequate prediction of health hazards to an individual depends on an accurate
description of the time-dependent behavior of contaminants in the environment. A small
change in a time constant can significantly affect the magnitude of exposure. Following an
airborne release of relatively short duration, radioactive material becomes airborne as the
"radioactive cloud" is dispersed and diluted by turbulent diffusion. When the cloud passes
over an area, the people occupying that area may be exposed to radiation emanating from the

cloud and may also inhale radioactive material suspended in air.

In RISKIND, exposure resulting from the initial passing plume is categorized as
short-term because it is of relatively short duration and the radioactive material is relatively
concentrated. In addition to the exposure received from the passing plume, external exposure
due to the loss of cask shielding may also contribute to short-term exposure. Modeling of
short-term radiation exposure is described in Section 2.2.2.3. Exposure via the sequence of
radionuclide depletion from the cloud is categorized as long-term because the deposited
contaminant may persist in the environment over a prolonged period of time following the
initial release. In general, the radiological hazards to individuals tend to be lower from long-
term exposures than short-term exposures because the radionuclide concentrations in the
environmental media are diluted further in the long-term cases. However, the cumulative
dose to the exposed individual over the long term could be potentially significant for cases

in which no remediation is taken following an accident.

Several environmental pathways are identified for long-term exposures: exposure
from the contaminated ground, inhalation of radioactive materials resuspended in the air,
and ingestion of contaminated foodstuffs. In addition, initial deposition onto surface water
bodies may also result in dose exposure via the drinking water pathway. The models used
to calculate environmental media concentrations from long-term modes of exposure are
described in Section 2.2.2.4. Once the radionuclide concentrations in the environmental
media are determined, the doses to individuals can be calculated. The dosimetry models used

to calculate the environmental media concentrations are described in Section 2.2.2.4.

Radiation doses are calculated only for individuals at each receptor location defined
by the user. These receptor locations are normally defined to represent locations where
potentially higher exposures are likely as the result of a release. The estimate of early health

effects is dependent on the exposure information from short-term exposures; the estimate for
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latent health effects is dependent on the total dose from both short-term and long-term

exposures. A discussion of health effects models is presented in Section 3.

2.2.2.3 Short-Term Exposure

The model used to calculate short-term radiation doses is described in this section.
Such doses include external radiation from radionuclides in the passing cloud and
radionuclides deposited on the ground, external exposure from loss of cask shielding, and

internal radiation from inhaled radioactive material.

2.2.2.3.1 External Exposure from the Radioactive Cloud

External radiation doses received from a radioactive cloud are calculated as the
product of the time-integrated air concentration Ca and the cloud gamma dose conversion

factor:

Dgya = Kj % C,(i) - DFg, () (2.39)
where:
Dg,. = dose received from exposure to the radioactive cloud (mrem),
K, = unit conversion constant (2.78 x 10 Ws),
Ca(i) = time-integrated air concentration (Equation 2.13) for
radionuclide i (Ci-s/m®), and
DFg,,(i) = cloud dose factor for radionuclide i (mrem/h per Ci/m?).

The cloud dose conversion factors are taken from External Dose-Rate Conversion
Factors for Calculation of Dose to the Public (DOE 1988).

22232 External Exposure from Ground-Deposited Radionuclides

A passing cloud of radioactive material can deposit its radioactive contents on the

ground by either dry or wet deposition, as described in Section 2.2.2.1. The deposited
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radioactive material can become a source of external radiation. The external exposure dose

from radioactive material deposited on the ground is calculated by

Diyg = £ DFpyg(i) Coli) Tryg (2.40)
1

where:

short-term external dose from ground-deposited radioactivity

DExg
(mrem),

dose conversion factor for external radiation from ground

DFExg @)
contamination (mrem/h per Ci/m?),

Cg (i) = ground surface concentration (Equation 2.31 or 2.37) for

radionuclide i (Ci/m%) immediately following the release, and
TExg = duration of the exposure (h).

The dose conversion factors used for this mode of exposure are also taken from the DOE
report on external dose-rate conversion factors (DOE 1988). The parameter Tg,, is the time
from the accident to the time of evacuation (default value = 2 h). These factors were derived
for a point 1 m above an infinite plane surface. Shielding from structures can be accounted

for by use of a shielding factor as appropriately determined by the user.

2.2.2.3.3 External Exposure from Loss of Cask Shielding

Loss of cask shielding in a transportation accident may result in increased external
exposure to the affected individuals. Such an event may involve, for example, the loss of
neutron shielding in an accident involving fire, or the loss of gamma shielding due to the lead

slump resulting from severe impact.

Doses from such accidental exposures are modeled after Equation 2.3 and can be

expressed as

Dext(r) = DM fR.(r) + MpfiR,(0)] Tyt (2.41)

whereD,, fe £, Ry(r), and R, (r) have been defined in Equation 2.1; M, and M, are the dose

multiplication factors for gamma and neutron radiation due to loss of shielding; and T, is
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the duration of the exposure. Both Mg and M, can be calculated from existing shielding
codes and input by the user. Similar to the ground exposure situation, T, is assumed to be
the time from the accident to the time of evacuation (default value = 2 h) or to the time the
damaged cask is removed. The dose multiplication factors are the increased dose rates

measured in multiples of dose rates for incident-free conditions.

If external shielding, such as that from a building, can be credited for individual
exposures, the above dose can be rewritten as

Do(r) = DoIMSFfRy(r) + MSFfiRA(1)] Texe (2.42)
where SFg and SF are the shielding factors for gamma and neutron radiation and are set
at a default value of 1.0 for outdoor exposure.

For exposure to a population subgroup under this exposure scenario, the population

dose is estimated by

Dy, = Np].)ext(rO)Text (2.43)
where:
Dp = population dose for population subgroup p (person-mrem),
p = number of exposed people in population subgroup p, and
r, = exposure distance (m).

For exposure to members of the public, the population density can be assumed to be
uniform within two concentric circles (representing minimum and maximum distances)

around the cask. In this situation, the population dose is estimated by

Dy = 2% PD Tex; [ Dext(rrdr (2.44)
1
where:
D’ = population dose (person-mrem),

PD population density at accident location (persons/mz), and

r, Ty = minimum and maximum exposure distances (m).
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2.2.2.3.4 Exposure from Inhaled Radionuclides

Individuals can be exposed to radiation by inhaling radioactive particles and/or gases.
Although some of this inhaled material is immediately exhaled, a fraction is retained in the
body of the individual. The fraction retained depends on the particle size distribution, the
radionuclide’s solubility in body fluid, and the individual’s breathing rate. The inhalation

dose is calculated as follows;

Dy = ? C,(i) - DF,(i) Br (2.45)
where:
Dy, = short-term inhalation dose (mrem),
Ca(i) = time-integrated air concentration for radionuclide i (Ci-s/m3),
DFy,,(i) = inhalation dose conversion factor (mrem/Ci), and
Br = breathing rate (default: 2.3 x 10 m%/s).

In RISKIND, all particle sizes are assumed to be respirable. The dose factors are taken from
Limiting Values of Radionuclide Intake and Air Concentration and Dose Conversion Factors
for Inhalation, Submersion, and Ingestion (EPA 1988). The dose factors are for an activity
median aerodynamic diameter (AMAD)" of 1 pm and the solubility class that would yield the
highest effective dose equivalent.

2224 Long-Term Exposure

The n;odeig; equations, and data employed in the determination of long-term
individual doses are described in this section. In detemiining these doses, the radionuclide
concentrations in the environmental media following a release are first calculated. These
concentrations are then used in the calculation of long-term doses, that is, those doses
resulting from the deposition and reconcentration of radionuclides in environmental media

subsequent to the passing of the initial plume. These media include ground surface;

* The activity median aerodynamic diameter (AMAD) is the diameter of a unit density sphere that
has the same terminal settling velocity in air as an aerosol particle whose activity is the median
for the entire aerosol (ICRP 1966).
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resuspended air; and vegetation, meat, and milk. For convenience, symbols representing
time-integrated media concentrations are capped with a bar (e.g., éa); symbols representing

instantaneous concentrations are not capped.

22.24.1 Environmental Media Concentration Models

Long-term environmental media concentrations are calculated as functions of the
ground concentrations that result directly from deposition of radionuclides from the passing
cloud and the amount of time that an individual is exposed to these concentrations. The
ground concentrations related to these pathways can be calculated from the time-integrated
air concentrations described in Section 2.2.2.1. Figure 2.4 shows the environmental pathways
following an accidental release and the exposure modes. Concentrations in the environmental
media can be further enhanced by ground disturbance, which causes resuspension of the
deposited radionuclides. Depositions of resuspended concentrations in air and on the ground
are also considered in calculating accumulated concentrations in various types of vegetation,
including hay and forage. Concentrations in hay and forage are used to calculate
radioactivity concentrations in meat and milk ingested by humans. In the following
discussion, the initial and time-dependent concentrations in the environmental media are
derived first, then the time-integrated concentrations over a prolonged period after deposition

are derived.

22.2.4.2 Ground Surface Concentrations

Ground surface concentrations are calculated from time-integrated air concen-
trations (C-ia) arising directly from accidental releases. The initial ground surface
concentration (Ci/m?) of radionuclide i, Cg(i,O), following an accidental release is calculated
by Equations 2.31 and 2.35, respectively, under dry and wet deposition conditions.

The concentration of radionuclide i on a ground surface at time t (yr) following a

release is related to the initial concentration as

Cylist) = Cgli,0) fexp-[AG) + Ag) t (2.46)
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where:
Cg(i,t) = ground surface concentration of radionuclide i at time t following
a release (Ci/m?),
AMi) = radioactive decay constant for radionuclide i (1/yr), and
Ag = rate constant for environmental loss (1/yr) (default: 0.014).

The environmental loss constant A, is derived from an assumed half-life in the soil (default:
50 yr) with respect to environmental availability. This parameter is used to account for loss
through chemical binding during downward migration in soil and other environmental loss
mechanisms such as wind or water erosion. It is assumed that this parameter applies to all

radionuclides subject to ground deposition.

22.24.3 Resuspended Air Concentrations

Resuspended air concentrations are calculated with a time-dependent resuspension

factor, which, for deposits of age t yr, is

FI exp(-A,t), for t < T,yr (2.47)

FE, for t > T, yr

where:

Rt

ratio of resuspended air concentration to ground concentration for

a ground concentration at time t yr (1/m),

FI

initial value of the resuspension factor (for fresh deposits) (default:
1.0 x 10 1/m),

Ar

assumed decay constant of the resuspension factor (default:
5.06 1/yr),

FE

terminal value of the resuspension factor (default: 1.0 x 10‘9), and

T, = time required for resuspension factor to decrease from its initial to
terminal value (yr) (default: 1.82 yr).
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The basic formulation of the above expression for the resuspension factor, the initial and
terminal values, and the assigned default decay constant were first derived from
experimental results of plutonium resuspension measurements (Anspaugh 1973;
Anspaugh et al. 1974; NRC 1974; Volchok 1986). The resuspended air concentration may be
derived by the following equation:

C,G,t) = Ci,t) Ry(t) (2.48)

where C_(i,t) is the resuspended air concentration of radionuclide i at time t following an
accidental release. This approach has been shown to predict results consistent with the
recent data collected from Europe after the Chernobyl accident (International Atomic Energy
Agency [IAEA] 1992).

2.2.2.4.4 Concentrations in Vegetation

Concentrations in vegetation may be the result of direct deposition from the initial
passing plume (short-term) or of root uptake from soil and deposition through resuspension
(long-term). Radionuclide concentrations in vegetation are derived from ground concentra-
tions and resuspended air-concentration deposition rates. Ground concentrations are used
to determine concentrations in vegetation that are the result of root uptake of soil
radioactivity; depositions are used to determine concentrations in vegetation that are the
result of foliar retention of deposited radioactivity. Two categories of vegetation are treated
in RISKIND: vegetables consumed by humans and pasture grass (or hay) that is fed to
animals that provide food for human consumption. The concentration on vegetation by direct
deposition can be expressed by (NRC 1977a)

Y,
where:
C,i) = vegetation concentration of radionuclide i (Ci/kg),
C,(i) = integrated air concentration of radionuclide i (Ci-s/m3),
V4 = deposition velocity (m/s),
F, = fraction of deposition retained on the plant,
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E. = fraction of foliar deposition reaching edible portions of veg-

etation v (for pasture grass E, is assumed to be 1),

>
n"

w decay constant for weathering losses (1/s),

-
"

v duration from accidental release to first harvest (s), and

v
[{}

v yield density of vegetation v (kg/m?).

Equation 2.49 is used to calculate radionuclide concentrations in vegetation of the first
harvest following a release. If the initially contaminated vegetation is interdicted, the con-

centration would be zero.

The vegetation concentration over the long term resulting from ground contamination

can be expressed by

C.G,t) = Ci,t) S,() + Ci,t) A(D) (2.50)

where:

C,(i,t) = concentration of radionuclide i in vegetation v at time t following

an accidental release (pCi/kg);
S,(i) = B (iVp;

B (i) = soil-to-plant transfer factor for radionuclide i, vegetation v (see
‘Table 2.8);

p = effective surface density of soil (default 240 kg/m? assumes a

15-¢m plow layer); and

Vy F, E, [ [1- exp(- A, t,)V (Y, L))

A1)
The first term of Equation 2.50 represents the plant root uptake mechanism; the second term
represents the resuspension and the redeposition. In Equations 2.49 and 2.50, the value of
V, is assumed to be 0.01 m/s, and the value of F, is assumed to be 0.2 for all vegetation. The
value of t, is assumed to be 60 days, except for pasture grass, for which a value of 30 days
is used. The yield density Y, is assumed to be 2 kg/m2, except for pasture grass; for pasture
grass a value of 0.75 kg/m? is used. The areal soil density p is assumed to be
2.4 x 102 kg/mz. The soi]-to-plant'transfer factors, B, (i), are listed in Table 2.8 for various

radionuclides.
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TABLE 2.8 Transfer Coefficients Applicable to Food Chain Pathways
for Various Radionuclides

Transfer Coefficients

Soil-to-Plant

Grass-to-Meat

Grass-to-Milk

Index B, F,() F ®

G) Element (dimensionless) (d/kg) (d/L)

1 Hydrogen 48 1.2 x 1072 1.0 x 102
2 Helium 0.0 0.0 0.0

3 Lithium 8.3 x 10 1.0 x 102 5.0 x 102
4 Beryllium 42 x 10 1.0 x 103 1.0 x 10
5 Boron 1.2 x 10’} 8.0 x 10™ 2.7 x 10°
6 Carbon 5.5 3.1 x 102 1.2 x 102
7 Nitrogen 75 7.7 x 102 2.2 x 102
8 Oxygen 1.6 1.6 x 102 2.0 x 102
9 Fluorine 6.5 x 10 1.5 x 10! 1.4 x 102
10  Neon 14 x 10! 2.0 x 102 2.0 x 102
11 Sodium 5.2 x 102 3.0 x 102 4.0 x 102
12 Magnesium 1.3 x 10! 5.0 x 102 1.0 x 102
13 Aluminum 1.8 x 10 1.5 x 103 5.0 x 10
14 Silicon 1.5 x 107 4.0 x 10° 1.0 x 10*
15 Phosphorous 11 4.6 x 102 2.5 x 102
16 Sulfur 5.9 x 10! 1.0 x 107! 1.8 x 102
17 Chlorine 5.0 8.0 x 102 5.0 x 102
18  Argon 0.0 0.0 0.0

19  Potassium 3.7 x 1071 1.2 x 102 1.0 x 102
20  Calcium 3.6 x 10’2 4.0 x 102 8.0 x 103
21 Scandium 1.1 x 10° 1.6 x 102 5.0 x 108
22  Titanium 5.4 x 10 3.1 x 102 5.0 x 10
23  Vanadium 1.3 x 10 2.3 x 10° 1.0 x 103
24  Chromium 2.5 x 10* 2.4 % 10% 2.2 x 10°
25  Manganese 2.9 x 102 8.0 x 10* 2.5 x 104
26 Iron 6.6 x 10* 4.0 x 102 1.2 x 102
27 Cobalt 9.4 x 10 1.3 x 1072 1.0 x 10’3
28  Nickel 1.9 x 102 5.3 x 10 6.7 x 10’3
29  Copper 1.2 x 107} 8.0 x 107 1.4 x 102
30 Zinc 4.0 x 107 3.0 x 102 3.9 x 102
31 Gallium 2.5 x 10 1.3 5.0 x 105
32 Germanium 1.0 x 10! 2.0 x 10! 5.0 x 10
33  Arsenic 1.0 x 102 2.0 x 10% 6.0 x 103
34  Selenium 1.3 1.5 x 1072 4.5 x 103
35 Bromine 7.6 x 1071 2.6 x 1072 5.0 x 102
36 Krypton 0.0 0.0 0.0

37  Rubidium 1.3 x 107! 3.1 x 102 3.0 x 10’2
38 Strontium 1.7 x 102 6.0 x 104 8.0 x 10*
39  Yttrium 2.6 x 102 4.6 x 10° 1.0 x 10®
40  Zirconium 1.7 x 10* 3.4 x 102 5.0 x 10
41 Niobium 9.4 x 103 2.8 x 10! 2.5 x 102
42 Molybdenum 1.2 x 10! 8.0 x 10° 75 % 103
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Transfer Coefficients

Soil-to-Plant

Grass-to-Meat

Grass-to-Milk

Index B, (i) F,()) F,()
(i) Element (dimensionless) (d/kg) (d/’L)
43  Technetium 2.5 x 10! 4.0 x 10! 2.5 x 102
44 Ruthenium 5.0 x 1072 4.0 x 10! 1.0 x 10°
45 Rhodium 1.3 x 10! 1.5 x 103 1.0 x 102
46 Palladium 5.0 4.0 x 1078 1.0 x 102
47  Silver 1.5 x 10’} 1.7 x 102 5.0 x 102
48 Cadmium 3.0 x 10! 5.3 x 10 1.2 x 10*
49 Indium 2.5 x 10! 8.0 x 10°3 1.0 x 10
50 Tin 2.5 x 1078 8.0 x 102 2.5 x 10’3
51  Antimony 1.1 x 102 4.0x10° 1.5 x 102
52  Tellurium 1.3 7.7 x 102 1.0 x 108
53  TIodine 2.0 x 102 2.9 x 103 6.0 x 107
54 Xenon 0.0 0.0 0.0
55  Cesium 1.0 x 1072 4.0 x 103 1.2 x 102
56 Barium 5.0 x 103 3.2 x 102 4.0 x 10*
57 Lanthanum 2.5 x 10 2.0 x 10* 5.0 x 106
58  Cerium 2.5 x 103 1.2 x 10° 6.0 x 10
59  Praseodymium 2.5 x 103 4.7 x 103 5.0 x 108
60  Neodymium 24 x 102 3.3 x 102 5.0 x 108
61 Promethium 2.5 x 108 48 x 103 5.0 x 10
62  Samarium 2.5 x 103 5.0 x 10 5.0 x 108
63 Europium 2.5 x 103 4.8 x 10° 5.0 x 108
64 Gadolinium 2.6 x 103 3.6 x 103 5.0 x 10
65  Terbium - 2.6 x 10° 4.4 x10° 5.0 x 108
66  Dysprosium 2.5 x 108 5.3 x 102 5.0 x 108
67 Holmium 2.6 x 10° 44 x 103 5.0 x 108
68  Erbium 2.5 x 102 4.0 x 10° 5.0 x 108
69  Thulium 2.6 x 10° 44 x 108 5.0 x 10
70 Ytterbium 2.5 x 10" 4.0 x 10° 5.0 x 108
71  Lutetium 2.6 x 103 44 x 10° 5.0 x 106
72  Hafnium 1.7 x 10* 4.0 x 1071 5.0 x 108
73  Tantalum 6.3 x 10° 1.6 2.5 x 102
74  Tungsten 1.8 x 102 1.3 x 1078 5.0 x 10*
75  Rhenium 2.5 x 1071 8.0 x 102 2.5 x 102
76 Osmium 5.0 x 102 4.0 x 10! 5.0 x 1073
77  Iridium 1.3 x 10} 1.5 x 10° 5.0 x 103
78  Platinum 5.0 x 10! 4.0x 10° 5.0 x 108
79  Gold 2.5 x 10° 8.0 x 107 5.0 x 103
80  Mercury 3.8 x 10! 2.6 x 10’} 3.8 x 102
81 Thallium 2.5 x 10! 4.0 x 102 2.2 x 102
82  Lead 6.8 x 102 2.9 x 10 6.2 x 10
83 Bismuth 1.5 x 10! 1.3 x 102 5.0 x 10™*
84  Polonium 1.5 x 107! 1.2 x 102 3.0 x 10%
85 Astatine 2.5 x 1071 8.0 5.0 x 102
86  Radon 0.0 0.0 0.0
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Transfer Coefficients

Soil-to-Plant Grass-to-Meat  Grass-to-Milk
Index B, (i) F,, () F, ()
6)) Element (dimensionless) (d/kg) (d/L)
87 Francium 1.0 x 1072 2.0 x 102 5.0 x 1072
88  Radium 3.1 x 10* 3.4 x 102 8.0 x 102
89 Actinium 2.5 x 10’3 6.0 x 102 5.0 x 106
90  Thorium 4.2 x 103 2.0 x 10 5.0 x 10®
91 Protactinium 2.5 x 103 8.0 x 10% 5.0 x 106
92  Uranium 2.5 x 107 3.4 x 10 5.0 x 10
93 Neptunium 2.5 x 10 2.0 x 10 5.0 x 10
94 Plutonium 2.5 x 10™ 1.4 x 105 2.0 x 10
95 Americium 2.5 x 10 2.0 x 10 5.0 x 10°°
96  Curium 2.5 x 102 2.0 x 104 5.0 x 10
97  Berkelium 2.5 x 10 2.0 x 10* 5.0 x 10
98  Californium 2.5 x 103 2.0 x 10 5.0 x 10
99  FEinsteinjum 2.5 x 10°° 2.0 x 10 5.0 x 108
100 Fermium 2.5 x 103 2.0 x 10 5.0 x 106

Source: NRC (1977a).

2.2.2.4.5 Concentrations in Meat and Milk

Radionuclides deposited on or absori)ed by hay or pasture grass can be ingested by

animals whose meat is consumed by man. The equation used to estimate radionuclide

concentrations in meat is

where:

Cyi,t) = Qq Fii) CGi,1)

Cyliit)
Q,
F ()

C,G.b)

= feed-to-meat transfer factor for radionuclide i (Ci/kg per Ci/d

ingested), and

feed ingestion rate (kg/d),

Equation 2.44) (Ci/kg).

average concentration of radionuclide i in meat (Ci/kg),

concentration of radionuclide in pasture grass or hay (see

(2.51)
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The equation for concentrations in milk is

C(it) = Q, Fr(i) Cy(i,t) (2.52)

where C_ (i,t) equals the concentration of radionuclide i in milk (Ci/L) and F, (i) equals the

feed-to-milk radioactivity transfer factor for radionuclide i ((Ci/L] per [Ci/d] ingested).

2.2.2.4.6 Concentrations in Drinking Water

Surface water contamination can result from the deposition of radionuclides onto the
water bodies that serve as potential sources of drinking water. Contamination may also
occur by rain washoff and runoff from contaminated land areas. In RISKIND, the drinking
water pathway considered is via fresh surface water, which could occur within a short period
(e.g., a week) following the accidental release. Other water pathways requiring a longer
period — such as irrigation of farmland, water ingestion by animals that serve as food

sources (milk or meat), and ingestion of aquatic food — are not included in the current
version of RISKIND.

The calculation of doses from drinking water is based on a model that requires the
deposition of radionuclides onto the water body, individual water consumption rates, duration
of water consumption from the contaminated water body, and water treatment efficiency. In
the current version of RISKIND, all materials deposited onto the water body are assumed to
be thoroughly mixed with portions of or all of the water body. The removal of radionuclides
by sedimentation is not considered, thus yielding a conservative estimate of the radionuclide

concentrations in water.
The time-integrated radionuclide concentration in water is estimated by the following

equation:

Culi,T) = Gy(i) F,T,[1-E,(DIW, (2.53)

where;

(-.-‘,w(i,T) = time-integrated water concentration of radionuclide iat time T
(Ci-yr/m?),

G, (i) = areal concentration of radionuclide i deposited onto the water
body (Ci/m?),
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F, = fraction of coverage of the water body by the radioactive plume,
w = 11-exp {- [A1) + A,] T/ [AG) + A ),
A, = water exchange rate (1/yr),

E,(i) = fraction of removal by the water treatment systems for

radionuclide i (dimensionless), and

Wy = effective mixing depth (m), or distance between the surface of
the water body and the point of intake of the water treatment

system.

In the above, the fraction of coverage F, is estimated by

. 1,if F,21 (2.54)
* P, ifF, <1
where:
Fu = @n)Y2 o,xVW, , (2.55)
W. = crosswind width of the water body, and
cy(x) = the dispersion parameter in the crosswindr direction (at downwind

distance x of the water body).

The calculated values of F, and F,, are dependent on the downwind distance (x) from the
deposition onto the water body from the release point. The deposition concentration G(i)
follows Equatiori 2.31 for dry deposition, with a default value of 0.02 m/s for Vj, and
Equation 2.37 for wet deposition. The removal efficiency of the water treatment system (E)
depends on the effectiveness of removing the radionuclides in the water treatment plant; E,

is 0 if no water treatment is considered.

2.22.4.7 Time-InteQrated Concentrations

To estimate total doses over the exposure time of interest, equations (2.46 to 2.52)
that were derived for environmental media concentrations are integrated over the total

exposure time for an individual. The results are the time-integrated environmental media
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concentrations. These time-integrated concentrations are used to assess the doses to an

individual over the total exposure time of interest. The time-integrated environmental media

concentrations from the time of release (t = 0) to a particular time of interest (t = T) can be

expressed as follows:

Cg,T) = Cy(i,0) Ty, T)

C,i,T) =

FI Ci,0) T,(,T), T<T,
FI C,(i,0) T,i,T) + FE [Ci,T) - CoiTl, T> Ta

C,i,T) = Cyi,T) S,6) + C,(,T) A

Ci,D = G, T) Q, Fyd)

CuD = Cy(,T) Q, Fr®

where:

time-integrated ground (g) concentration for radionuclide i at

time T following a release (Ci-s/m?),
{1 - exp (- [MG) + lg]Tll’[Mi) + Agl,

time-integrated air concentration for resuspension (r) for

radionuclide i at time T (Ci-s/m?),

[1 - exp (- [MG) + Ay + A ITIVIAG) + &g + A,

time-integrated concentration in vegetation (v) for
radionuclide i at time T (Ci-s/kg),

time-integrated concentration in meat (b) for radionuclide i at
time T (Ci-s/kg), and

time-integrated concentration in milk (m) for radionuclide i at
time T (Ci-s/L).

(2.56)

(2.57)

(2.58)

(2.59)

(2.60)
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Parameter Cg(i,O) can be calculated by Equation 2.31 and/or 2.37; S (i) and A(i) are as
defined in Equation 2.50; Q, and F are as defined in Equation 2.51; and F, is defined in
Equation 2.52.

2.2.2.5 Long-Term Dose Models

The long-term dose from a given release is calculated by integrating the dose over
a period of T equals 50 yr (default) following the release. Doses to individuals are calculated
for all known significant exposure pathways. These exposure pathways include inhalation;
external exposure to air and ground contamination; and ingestion of vegetables, meat, and
milk. Internal doses from inhalation or ingestion pathways are calculated with dose
conversion factors. Because radionuclides taken into the body by ingestion or inhalation will
continue to irradiate the body as long as they exist and are retained by the body, these
internal dose conversion factors represent the committed dose (ICRP 1977), which is the dose

integrated over an interval of 50 years.

2.2.2.5.1 Inhalation Doses from Resuspended Air Concentrations

Inhalation doses to individuals are calculated with time-integrated air concentrations
from resuspension, (_Jr, which are determined from Equation 2.57 and the 50-year committed
inhalation dose conversion factors (EPA 1988).

Inhalation doses are calculated by the following equation:

D, = ? C,G,T) - DFny(i) - By (2.61)

where:
D = inhalation dose due to resuspended air contamination (mrem),

C [, T) = time-integrated resuspended air concentration of radionuclide i
(Ci-s/m3),

DF;,(i) = inhalation dose conversion factor for radionuclide i (mrem/Ci),

and

B, = breathing rate (default: 2.3 x 10 m%/s).
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2.2.2.5.2 External Doses from Resuspended Air Concentrations

External radiation doses received from resuspended air concentrations are calculated
as the product of the time-integrated air concentration from resuspension and the cloud

gamma dose conversion factor:

mm=m§6ﬁm-mhﬁ) (2.62)
where:
D, = dose received from exposure to the resuspended air
concentration (mrem),
K, = conversion constant (2.78 x 104 h/s), and

DFg,,(i) = cloud dose factor (mrem/h per Ci/m®) for radionuclide i.

The cloud dose conversion factors are those given in the DOE report on conversion factors for
calculation of doses to the public (DOE 1988).

2.22.5.3 External Exposure from Ground-Deposited Radionuclides

Radioactively contaminated ground provides a long-term source of gamma radiation
for individuals residing near the contamination. For long-term exposure, the time-integrated

external doses from radioactive material deposited on the ground are calculated as the

product of C g the time-integrated ground concentration from Equation 2.56, and the ground

dose conversiqn factor;
%m=&§§@mD&MD (2.63)

where:

=)
[

8Exg dose received from exposure to the ground (mrem),

e
'

= unit conversion constant (2.78 x 10 h/s),

(-Jg(i,T) = integrated ground concentration (Ci-s/m2), and

DFExg(i) dose conversion factor from ground exposure for radionuclide i

(mrem/h per Ci/m2).



Q7

Be™
[

56

The dose conversion factors used for this mode of exposure are also taken from the
DOE report on conversion factors for calculation of doses to the public (DOE 1988). These
factors were derived for a point 1 m above an infinite plane surface. Shielding from

structures can be accounted for by use of a shielding factor.

2.2.2.5.4 Ingestion Doses from Agricultural Products

Ingestion doses are calculated for vegetables, meat, and milk and are based on the
time-integrated concentrations calculated from Equations 2.56 through 2.60, ingestion dose
conversion factors (EPA 1988), and ingestion rates (NRC 1977a).

Vegetable ingestion doses are calculated by

Dy = Kz 05 Uy T Cyi,T) DF i) (2.64)

1
where:
Dyeg = fresh vegetable ingestion dose (mrem),

K, = unit conversion factor (3.17 x 108 yr/s),

0.5 = fraction of initial radioactivity ina vegetable after preparation

for consumption (NRC 1977a),
U, = ingestion rate of vegetables (281 kg/yr),

v

C T = time-integrated concentration of radionuclide i in vegetable

(Ci-s/kg), and
DFy,(i) = ingestion dose conversion factor for radionuclide i (mrem/Ci).

Doses from meat ingestion are calculated by

Dpeat = K2 Up )i: Cyi,T) DF () (2.65)
where:
D, = meat ingestion dose (mrem),
K, = unit conversion factor (3.17 x 108 yr/s),
U, = meat ingestion rate (110 kg/yr), and

time-integrated concentration of radionuclide i in meat (Ci-s/kg).

DOI
g
"
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The dose to an individual from milk ingestion is given by

Dok = K2 U T Cp(i,T) DFpi) (2.66)
i
where:
D, gk = milk ingestion dose (mrem),
K, = unit conversion factor (3.17 x 108 yr/s),
U,, = milk ingestion rate (310 L/yr), and
(—Im(i,T) = time-integrated concentration of radionuclide i in milk (Ci-s/L.).
2.2.2.5.5 Ingestion Doses from Drinking Water
The dose to an individual from drinking contaminated surface water is calculated by
Dyater = Uw }i: aw(ivT) DFIng(i) (2.67)
where:

Dy ,ter = drinking water ingestion dose (mrem),

U, = water intake rate by an individual (L/yr),

w
C. 4D time-integrated concentration of radionuclidei in surface

water (Ci/L) (see Equation 2.53), and

ingestion dose conversion factor for radionuclide i (mrem/Ci).

DF (i)

Total long-term ingestion doses are obtained by summing the vegetable, meat, and milk

ingestion doses per the following equation:
Dlng = Dveg + Dmeat * Dmilk * Dwater (2.68)
where Dlng equals the total time-integrated ingestion dose (mrem) up to a total time period

of concern, T. Currently the default value of T in RISKIND is 50 years for individual dose

calculations.
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2.2.2.5.6 Analysis of Weather Uncertainty on Individual Doses

Weather conditions and their frequency of occurrence at a site can be characterized
by site-specific wind-rose data. The uncertainty of the effect of weather conditions during an
accident on the calculated individual dose consequences is estimated by constructing a
cumulative probability distribution of dose values by using seasonal or annual wind joint-
frequency data for a given region. This probabilistic dose distribution is then used to
determine the "median” (50% weather probability) and reasonable "maximum" (95% weather

probability) dose values for each receptor of interest.

2.2.3 Population Dose Model

A population dose model was developed for RISKIND to assess the potential
collective doses to the exposed population as the result of a release associated with a spent
nuclear fuel transportation accident. The population dose model implemented in RISKIND
calculates not only the total collective dose but also the average individual dose and the
distribution of doses in the exposed population within the specific area of interest.

To calculate the distribution of radiation doses in the exposed population from a
release, the areas and magnitudes of air concentration in the downwind direction are needed.
The atmospheric dispersion model described in Section 2.2.2 for calculating individual
receptor radionuclide concentrations was expanded to calculate these parameters. The
approach implemented in RISKIND for estimating the area and concentration parameters

is given in Sections 2.2.3.1 and 2.2.3.2.

2.2.3.1 Concentration Isopleth and Contaminated Areas

The time-integrated ground-level air concentration ﬁa at a downwind location (x,y)
is calculated on the basis of the equations in Section 2.2.2.1. For a given air concentration,
Ca. the isopleth contour y(x) can be derived from either Equation 2.13 or 2.14. At downwind
distances not affected by the presence of a mixing layer, C, can be derived from Equation 2.13

as
2

y(x) =z 0y|2In _.&,_ gl (2.69)
n6,0,uCy o
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At downwind distances where total mixing by the presence of a mixing layer can be assumed,

C, can be derived from Equation 2.14 as

Q 1/2
yx)=+o0,|2In| —X (2.70)
‘/2ToyuLCa

At downwind distances between the nonmixing (Equation 2.69) and the total mixing
(Equation 2.70) conditions, y(x) is determined by a linear interpolation between
Equations 2.69 and 2.70.

The area of contamination, A, for a given time-integrated air concentration level, (_)a,

can then be calculated by
A=2["yx dx (2.71)
1

where X; and X, are the minimum and maximum downwind distanceg bounding the
population or agricultural region of interest. The parameters X; and Xp (Figﬁre 2.5), which
are obtained by setting y = 0 in Equation 2.69 or 2.70, are the shortest and longest downwind
centerline distances for each concentration contour. Equation 2.71 is integrated numerically

in RISKIND by using a Simpson's rule integration routine.

The area corresponding to a preselected air concentration value for a given release
condition can be calculated by Equation 2.71. A set of 20 preselected relative ground-level
air concentration values, Ca, is used in RISKIND to calculate the concentration contours for
the areas of contamination. These relative air concentrations are provided in Table 2.9. For
a specific weather condition defined by a stability class, s, and a wind speed, u, Equation 2.71

is used to calculate the area, A]-(s,u), that contains a time-integrated relative air concentration
equal to or smaller than a specific value, éj. For successively descending time-integrated
relative air concentration levels (61, C-)z, ey 620), a series of nested areas
(A;j=A,-Ay, A,=A,-A;..) asshownin Figure 2.5 are calculated. Up to 20 areas, each

area corresponding to a concentration contour, can be calculated for the release conditions

described by an appropriate accident response region (as described in Section 2.2.1).
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A C, = Time-integrated relative air concentration at ground level

y(x) = Isopleth contour
A = Area of contamination between X|_and Xg with a concentratin level of C4 < Cy
A = Area bounded by two sucessive concentration levels

>
(]
g

X
3 2
D X1 1
2 : - = _
% ! A=A -A; c,
g IR 3
o ‘\\\\%\\\‘ \ _ C32

K3 = AS Ca3
' Q Downwind

R?’Ei?\fe \ Distance (x)
XL1 A \
O aEnms
X ~ =
Ly

FIGURE 2.5 Areas of Air Concentration Contours for Population Dose Calculation

22.32 Dose Models

Once the sizes of the 20 nested areas are determined, collective population doses can
be calculated. Collective doses are calculated only for the specific population or agricultural
region of interest. The region of interest is the area confined by the two input distances X,
and X,, which represent the minimum and maximum downwind distances of interest from
the release point (Section 2.2.3.1). Inhalation and external doses to the population within
these two bounding distances are calculated by the following procedures.

For each nested interval (&) confined by two time-integrated relative concentration
contours (j and j+1), doses to the average individual are calculated by using the geometric

mean relative air concentration values within the area as
ng - /@gj ém'd (2.72)
Caj = \/Ca,) (-I,j,l (2.73)
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TABLE 2.9 Default Time-Integrated
Relative Ground-Level Air Concen-
tration Limits Used to Calculate
Contaminated Areas

Time-Integrated

Contamination Relative Air
Level Concentration

G) (G)

1 1.00

2 3.00 x 101
3 1.00 x 102
4 3.30 x 102
5 1.00 x 10
6 3.33 x 102
7 1.00 x 1073
8 3.33 x 10
9 1.00 x 10
10 3.33 x 10
11 1.00 x 10
12 3.33 x 10€
13 1.00 x 106
14 3.33 x 107
15 1.00 x 107
16 3.33 x 108
17 1.00 x 108
18 3.33 x 10°°
19 1.00 x 10
20 3.33 x 10°10

3

05

7

where:

Ql
(<}

mean relative time-integrated air concentration inside AJ

time-integrated relative air concentration at concentration

contour j,

mean relative ground surface concentration inside A j» and

relative ground surface concentration at concentration contour J-
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The mean time-integrated air concentration for radionuclide i inside A j is then
calculated by multiplying the mean relative time-integrated air concentration (_Jaj by the

source term of radionuclide i, or Q(i), as
CqD) = Q) Cy (2.74)

Similarly, the mean ground surface concentration for radionuclide i inside A i is
calculated by

Cgxd) = QW) Cy (2.75)

Once the radionuclide concentrations are determined, the average individual doses
(Dj) for both the short-term and long-term exposure periods are calculated by using the same
approach as that described in Sections 2.2.2.3 and 2.2.2.4. These average doses are then
multiplied by the population (Pj) calculated within the nested interval (§) by

Pj = PD A; (2.76)
where:
Pj = population residing in nested area A ; (persons),
PD = population density within the region of interest (persons/mz), and
A. = area of nested area j (m?).

The total collective dose is then calculated as the sum over all nested intervals:

PDOSE = ¥ (Dj Pj) @2.77)
j

where:

PDOSE

collective dose in the region (X, to X,) of interest (person-rem),

and

average individual dose for nested area A j (rem).

&
]
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The population dose from inhalation and external exposure within A i is calculated by
PDOSE(nh + Ext) = 32 PJ (Djmh + Digx) (2.78)
i

where:

PDOSE 1}, , gxty = collective dose from inhalation and external pathways

(person-rem),

Djjnn = average individual dose from inhalation pathway in

nested interval A j (rem), and

Djg,x = averageindividual dose from external radiation in the

air and on the ground (rem).

2.2.3.2.1 Ingestion Dose Models

The total collective dose from ingestion pathways is calculated on the basis of
regional agricultural productivity rather than population because the total radioactive
contamination in the food determines the potential collective doses rather than the number
of persons exposed. Ingestion population doses are calculated by using the following

procedures.

The annual productivity (kg/lkm2-yr or L/km2-yr) of each food category (vegetables,
meat, and milk) is assigned by the user; these productivity values can be either site-specific
data or the default state average values. For each nested interval, the mean radionuclide
concentrations in each food type are calculated by using the same approach as that of
Section 2.2.3. These concentration values are then multiplied by the farm production rate
and the farm area nested to find the total radioactive contamination in each food for each
area (A i) Collective doses are then determined by assuming that either all or a fraction of

the food produced in the contaminated region of interest is eventually consumed.

The collective doses from ingestion are calculated with the following equations.
First, the gross radioactive contamination in each food type is calculated by

Y Gt A; F, Cij)

Qi) = J (2.79)

FD;
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where:

Qi) = gross radioactive content of radionuclide i in food f (Ci);
A. = area of nested interval j (km?);
F, = fraction of land that is farmland;

Ef(ij) = concentration of radionuclide i in nested area j in food type f
where f represents m for milk, b for meat, and v for vegetables
(Ci/kg or Ci/L);
G; = farm production rate of food type f inside X, and X, (kg/yr-km?
or L/yr-km?); and

FDj = decontamination factor calculated for nested interval j.

FD; is estimated from the following equation:

FDJ' = DI(Inh + Ext + Ing) Q) (2.80)
PAG

where:

DIqnh4Ext +Ing)(j) average individual dose from all three pathways
(inhalation, external, and ingestion) in nested area A i

and

PAG

EPA protective action guide dose value (EPA 1991)
(e.g., 5-rem, 50-yr time-integrated dose).

FDj has a value of greater than or equal to 1. If the calculated FD; is less than 1.0,

no decontamination is necessary for nested interval A i and FDj is made equal to 1.

The collective ingestion dose from all food categories is calculated by

PDOSEIng = E EUf QKI) DFIhg(i) (2.81)
f i
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where;

It

PDOSEIng collective dose from ingestion of contaminated foodstuff, and

DFy,, (i) = ingestion dose conversion factor (rem/Ci).

It

2.2.3.2.2 Population Drinking Water Dose

Radionuclide concentrations in drinking water for the individual drinking water
pathway are calculated by using Equation 2.67. However, the locations of water bodies that
can serve as potential sources of drinking water for the population need to be identified. The

collective dose is calculated as the sum over all water bodies as
PDOSE yater = EDwater(k) Pyater(k) (2.82)
k

where;

PDOSE, ., = collective dose from drinking water (person-rem),

Dwater(k)

average individual dose calculated for water body (k)
(Equation 2.67), and

P ater(K) = number of people consuming drinking water from water
body k.

2.2.3.2.3 Analysis of Weather Uncertainty on Population Dose

The uncertainty of the effect of : weather conditions during an accident on the
calculated collective dose consequences should be assessed. This uncertainty is estimated by
constructing a cumulative probability distribution of dose values from the wind-rose data for
a given site. This probabilistic dose distribution is then used to determine the "median"
(50% weather probability) and reasonable "maximum" (95% weather probability) dose values

for the region of interest.
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3 HEALTH EFFECTS MODELS

3.1 EARLY EFFECTS

A health effects model was developed for early (acute) effects of exposure to radiation
that could be associated with spent nuclear fuel transportation accidents. The model applies
to potential accident conditions in which individuals would be exposed to relatively large
doses in a short period. The early effects considered in the model include acute effects that
normally occur within the first year after radiation exposure. The model is based on the NRC
health effects study (NRC 1989; Abrahamson et al. 1989, 1991). Only early fatalities due to
acute irradiation are considered in RISKIND. Three possible modes of fatality are modeled:
fatality associated with injury to (1) bone marrow, (2) gastrointestinal tract, and (3) lungs.
Two types of dose responses are used for modeling the levels of medical treatment — minimal
and supportive. Options are provided for bounding model parameters at three estimation
levels — lower, central, and upper — to compensate for uncertainty associated with the

model.

Two basic categories of exposure are considered: (1) sudden exposure primarily due
to external gamma rays from a passing radioactive cloud, the radionuclide-contaminated
ground surface, or loss of cask shielding; and (2) protracted internal exposure from inhaled
radionuclides. For radiation exposure resulting from spent nuclear fuel transportation
accidents, the first exposure category is usually not as significant as the second because spent
nuclear fuels generally contain a significant portion of radionuclides that can potentially

deliver internal doses over a longer period of time after intake.

The early effects of exposure are generally associated only with relatively high
radiation doses; the severity of these effects diminishes with smaller radiation doses. This
dose-response relationship implies a dose threshold below which no early effects are
apparent. For the health risk calculation, radiation dose refers to the average absorbed dose
to the specific organ of interest. For external radiation, whole-body exposure is assumed.
Dose rate refers to the average absorbed dose rate to the target of interest over a specified

time period.

A hazard-function approach was used to derive risk estimates for effects in three

organs of the body and to determine the total risk resulting from the exposure of these three
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organs. The risk is calculated from the cumulative hazard H (NRC 1989). (In this section,
the term risk represents the chance of fatality or health effect resulting from an incurred
radiation dose.) The general expression used for the lethal hazard (H,) is a two-parameter
Weibull function as follows:

H, = In(2) XY (3.1)
where:

D = radiation (average absorbed) dose;

O
>4}
(=]

"

median lethal dose, that is, the dose that produces the effect of
interest in 50% of the population at risk; and

v = parameter for shape that determines the shape of the dose-effect

curve.
The risk of lethality is related to H, by the expression (NRC 1989)

Risk = 1 - exp(- Hp) (3.2)

Because Dy, is a function of dose rate D and, therefore, a function of time, the total X is
obtained by integration over the total exposure time t,:

X = [0 BieyDgoD) dt 3.3)

where D is the absorbed dose rate to the organ of interest as evaluated at exposure time t.
Suitable models and model parameters are currently not available for all lethal effects using
the exact form of Equation 3.1. A simplified fixed-parameter approach is used in the NRC
health effects study (Abrahamson et al. 1989, 1991). In this approach, the model parameter
D;, is assumed to change only when the dose rate enters specific dose-rate ranges. Two
values of D, are defined: one for brief high-dose rates, the other for protracted low-dose
rates. The cutoff between the brief high-dose rate and the protracted low-dose rate is
0.06 Gy/h, or 0.1 rad/min. This value is based on an exploratory analysis of limited data
regarding the influence of dose on Dy,
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To calculate the risk of early fatality from radiation exposure of the lungs, bone
marrow, and intestines, a relative biological effectiveness (RBE) value is applied. For
calculating the effects of alpha radiation on early fatality involving lung tissue, an RBE value
of 10 is applied to the Dy, values derived for gamma and beta radiation. Neither
experimental animal nor human data obtained following exposure to plutonium or
transuranic elements have indicated a significant case of radiation leukemogenesis, and
ingestion of alpha-emitting radionuclides is not considered a hazard to the intestinal tract
because the range of the alpha particles is insufficient to penetrate the mucus and intestinal
contents and reach the crypt cells. Therefore, for early fatalities involving bone marrow and

the gastrointestinal tract, an RBE value of 1 is assumed.

The total lethal risk from all acute effects considered is calculated by summing the
cumulative hazards for each lethal mode of injury — that is, the hematopoietic syndrome
(bone marrow), the gastrointestinal syndrome (intestines), and the pulmonary syndrome
(lungs). The estimated lethality risk from these three competing injuries can be calculated

as follows:

Risk = 1 - exp{- [Hp(bone) + H,(lung) + Ha(GDJ} (3.4)

The following input options are used for the early effects model in RISKIND: minimal or
supportive for level of medical treatment; and lower, central, or upper bound estimate for
level of assessment associated with model uncertainties. The parameters used in the early
effects model are all taken from the NRC report Health Effects Model for Nuclear Power Plant
Accident Consequence Analysis (Abrahamson et al. 1989).

3.2 LATENT EFFECTS

Latent effects may result from cumulative exposures, including the short-term and
long-term exposures discussed in Sections 2.2.2.3 and 2.2.2.4. The latent health effects
considered in RISKIND include the probability of death from cancer and the genetic effects

manifested in the exposed individual’s offspring.

In addressing the latent effects of human exposure to low-dose radiation, the
National Research Council’s Committee on the Biological Effects of Ionizing Radiation (BEIR)
has prepared a series of reports. The two most recent of the series, BEIR IV and BEIR V.
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were published in 1988 and 1990, respectively (National Research Council 1988, 1990). The
BEIR IV report addresses potential health effects of exposure to internally deposited alpha-
emitting radionuclides. Studies on latent health effects from exposure to low-level, low linear
energy transfer (LET) radiation are included in BEIR V. These effects include the induction
of cancer, genetically determined ill health, developmental abnormalities, and some

degenerative diseases.

The BEIR V report estimates an average of about 800 excess cancer mortalities for
a 10-rem exposure for 100,000 exposed persons and about 100 to 200 genetic effects per
generation for every million person-rem of the total population dose. These findings translate
to a total risk coefficient of 8 x 10 fatal cancers per rem and less than 2 x 10'* genetic
effects per rem of exposure per generation. The BEIR IV report includes some cancer risk
estimates from internal exposure to several alpha-emitting radionuclides that occur naturally,
such as radium and uranium, and some that are artificially produced, such as plutonium
isotopes. The estimated cancer risks are generally lower than those of BEIR V if a quality
factor of 20 (i.e., currently used in the RISKIND code) is applied to convert rad to rem for
alpha radiation.

In developing the cancer fatality estimate, the BEIR V committee did not apply a
dose-rate effectiveness factor (DREF) to the solid tumor fraction of the total cancer risk to
account for a decreased effectiveness in low-dose exposure situations, such as biological repair
that can occur at low dose rates and mitigate radiation damage. However, a DREF of
approximately 2 was implicit in the BEIR V model used to predict leukemia risks.
Modification of the solid tumor risk fraction by a DREF of 2 reduces the 8 x 104 fatal cancers

per rem risk coefficient to a value ranging from 4 x 10 to 5 x 10 fatal cancers per rem.

The genetic effect risk estimates presented in BEIR V are about 1 x 104 to 2 x 104
genetic effects per rem of exposure per generation. The most recent ICRP (1991) estimates
of the probability of fatal cancer risk to the public at all ages is about 5 x 104 cancer
fatalities per rem. The probability of genetic effects is 1.3 x 10 genetic effects per rem.
These values are consistent with those of BEIR V and represent the most recent analysis of
radiation risk data. In RISKIND, risk coefficients of 8 x 10" fatal cancers per rem and

2 x 10* genetic effects per rem are used for a dose greater than or equal to 20 rem
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(Abrahamson et al. 1991). For a dose less than 20 rem, risk coefficients of 5 x 10 fatal

cancers per rem and 1.3 x 10" genetic effects per rem are used.

A comparison of BEIR V estimates with those of other studies is shown in Table 3.1.
These estimates have been recommended by the ICRP (1991), the United Nations Scientific
Committee on the Effects of Atomic Radiation (UNSCEAR 1986), and the EPA (1989).

TABLE 3.1 Estimated Lifetime Cancer Mortalities
and Genetic Effects

Lifetime Cancer  Genetic Effects per

Fatalities per Generation per
Source of Estimate 10° person-rem 108 person-rem
National Research Council (1990) 790 110-200
UNSCEAR (1986) 700-1100 119
ICRP (1991) 500 130
EPA (1989) 390 260
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APPENDIX A:

DESCRIPTION OF RADIONUCLIDE INVENTORY
DATABASE FOR SPENT NUCLEAR FUELS

A radionuclide inventory database specific to spent nuclear fuels was derived from
the computerized databases developed by Oak Ridge National Laboratory (ORNL)
(Notz et al. 1987)." These databases were developed for the U.S. Department of Energy
(DOE), Office of Civilian Radioactive Waste Management (OCRWM), to establish reference
characteristics of radioactive waste materials that may be accepted by DOE for emplacement

in the mined geologic disposal system developed under the Nuclear Waste Policy Act of 1982.

The inventory data applicable to spent fuels have been generated by the ORIGEN2
computer code (Croff 1980) and are contained in the Light-Water Reactor (LWR) Quantities
Database of ORNL (Notz et al. 1987). Specifically, the radioactivity, given in curies per
metric ton of initial heavy metal (CVUMTIHM), is provided for a detailed list of radionuclides
for significant activation- and fission-product nuclides as well as actinides. The inventory
data are compiled according to reactor type, fuel burnup, and fuel cooling period. Two
reference LWRs were used, a pressurized-water reactor (PWR) (Westinghouse) and a boiling-
water reactor (BWR) (General Electric). The data are listed for several burnups in megawatt-
days per MTTHM (MWd/MTIHM): 5,000-MWd/MTIHM increments to 60,000 MWd/MTIHM
for the PWR and 40,000 MWd/MTIHM for the BWR. The cooling periods range from 1 to

1 million years.

For application to the RISKIND code described in the main body of this report, a
somewhat condensed inventory database was compiled from the ORNL database. This
condensed database contains inventory information for all isotopes contributing more than
0.01% to the total inventory data. The burnup levels were condensed at 20,000, 25,000,
30,000, 33,000, 35,000, 40,000, and 60,000 MWd/MTIHM for the PWRs, and at 5,000, 20,000,
25,000, 27,500, 30,000, 35,000, and 40,000 MWd/MTIHM for the BWRs. The cooling periods
selected were 1, 5, 10, 20, 30, 50, 100, 1,000, and 10,000 years. A sample of such inventory
data is given in Table A.1.

* The database was recently revised (DOE 1992). This revised database will be incorporated into
RISKIND in the next revision.



TABLE A.1 Sample Radionuclide Inventory (variations in radioactivity for significant activation- and fission-
product nuclides as a function of time since discharge)®

Concentration (CVUMTIHM) at Time preposition since Discharge

Isotope® tyr 5yr 10 yr 20 yr 30 yr 50 yr 100 yr 1,000 yr 10,000 yr
Hydrogen-3 7.69 x 10* 6.14 x 10 464 x 10% 2.66 x 10 151 x 10 491 x 10! 0.0 0.0 0.0
Carbon-14 00 0.0 0.0 0.0 0.0 0.0 0.0 1.37 463 x 10!
Manganese-54 301 x 10t 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Tron-65 428 x 10° 147 x 10° 3.89 x 10? 0.0 0.0 0.0 0.0 0.0 0.0
Cobalt-60 6.94 x 10° 4.10 x 10° 2.12 x 10° 5.70 x 10% 153 x 102 0.0 0.0 0.0 0.0
Nickel-59 0.0 0.0 0.0 0.0 0.0 0.0 5.15 5.11 4.72
Nickel-63 6.97 x 10* 6.77 x 10 6.52 x 10% 6.04 x 102 5.60 x 10 4.82 x 107 3.31 x 10% 3.75 x 107} 0.0
Selenium-79 00 0.0 0.0 0.0 0.0 0.0 0.0 4.04 x 107! 367 x 10"
Krypton-85 8.69 x 10° 6.71 x 10° 4.85 x 10° 2.54 x 10° 1.33 x 10° 3.65 x 102 1.44 x 10! 0.0 0.0
Strontium-89 5.72 x 10° 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Strontium-90 7.08 x 10* 6.44 x 104 5.72 x 10% 450 x 10* 356 x 10* 2.21 x 10* 6.71 x 10° 0.0 0.0
Yttrium-90 7.08 x 10* 6.44 x 10 5.72 x 10* 451 x 10 3.55 x 10* 221 x 10* 6.71 x 10° 0.0 0.0
Yttrium-91 1.49 x 104 0.0 00 0.0 0.0 0.0 00 0.0 0.0
Zirconium-93 0.0 00 0.0 0.0 0.0 0.0 0.0 1.93 1.92
Zirconium-95 3.14 x 104 0.0 00 0.0 00 0.0 0.0 0.0 0.0
Nicbium-93m 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.83 1.83
Niobium-94 0.0 0.0 0.0 0.0 0.0 0.0 0.0 124 9.1 x 107!
Niobium-95 7.07 x 10* 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Niobium-95m 2.33 x 10® 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Technetium-99 0.0 0.0 0.0 0.0 0.0 1.31 x 10! 1.30 x 10! 1.30 x 10! 1.26 x 10!
Ruthenium-103 2.59 x 10° 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Ruthenium-106 2.68 x 105 1.71 x t0* 5.50 x 10? 0.0 0.0 0.0 0.0 0.0 0.0
Rhodium-103m 2.34 x 10° 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Rhodium-106 2.68 x 10° 1.71 x 10! 5.50 x 10? 0.0 0.0 0.0 0.0 0.0 0.0
Palladium-107 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 112 x 1071
Silver-110m 1.62 x 10° 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Tin-119m 2.14 x 10° 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Tin-123 552 x 102 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Tin-126 0.0 0.0 0.0 0.0 0.0 0.0 0.0 7.71 x 107! 724 x 107!
Antimony-125 1.22 % 104 450 x 10° 1.29 x 10° 1.05 x 107 0.0 0.0 0.0 0.0 0.0
Antimony-126 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.01 x 107!
Antimony-126m 0.0 00 00 0.0 0.0 0.0 0.0 7.71 x 107! 724 % 107!
Tellurium-126m 298 x 103 1.10 x 10° 3.14 x 10? 0.0 0.0 0.0 0.0 0.0 0.0
Tellurium-127 1.43 x 10° 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Tellurium-127m 1.46 x 10° 0.0 0.0 0.0 00 | 0.0 0.0 0.0 0.0
Cesium-134 1.08 x 10° 2.80 x 104 522 x 10° 1.81 x 10® 0.0 0.0 0.0 0.0 0.0
Cesium-135 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.45 x 10’} 3.44 x 107!
Cesium-137 1.01 x 10° 9.22 x 104 8.21 x 10* 6.52 x 10* 5.17 x 10* 3.26 x 10* 1.03 x 10* 0.0 0.0
Barium-137m 9.56 x 10* 8.72 x 10* 7.77 x 10* 6.17 x 104 4.89 x 104 3.08 x 104 9.71 x 10° 0.0 0.0
Cerium-141 6.88 x 102 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cerium-144 4.51 x 105 1.28 x 10* 1.49 x 102 0.0 0.0 00 0.0 0.0 0.0

8L
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TABLE A.1 (Cont.)

Concentration (CVUMTIHM) at Time Since Discharge

Isotope® iyr Byr 10yr 20yr 30yr 50 yr 100 yr 1,000 yr 10,000 yr
Praseodymium-144 4.51 x 10° 1.28 x 10% 1.49 x 10? 0.0 0.0 0.0 0.0 0.0 0.0
Praseodymium-144m 5.41 x 10° 1.53 x 10° 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Samarium-151 3.56 x 10% 344 x 10* 331 x 10* 3.06 x 10* 2.84 x 10? 2.43 x 10° 1.65 x 10% 0.0 0.0
Europium-154 2.69 x 10° 7.02 x 10° 4.69 x 10° 2.09 x 10° 9.36 x 10 1.87 x 102 0.0 0.0 0.0
Europium-155 6.62 x 10° 3.22 x 10° 1.60 x 10% 3.95 x 10% 9.77 x 10! 0.0 0.0 0.0 0.0
Lead-210 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.34 x 10!
Lead-214 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.34 x 10!
Bismuth-210 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.34 x 107!
Bismuth-214 0.0 00 0.0 00 0.0 0.0 0.0 0.0 1.34 x 10!
Polonium-210 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 1.34 x 107!
Polonium-214 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 1.34 x 107!
Palonium-218 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.34 x 107!
Radon-222 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.34 x 107!
Radon-226 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.34 x 10!
Thorium-230 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.72x 107!
Thorium-234 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.17 x 107! 3.18 x 10!
Protactinum-233 0.0 0.0 0.0 0.0 0.0 0.0 0.0 9.99 x 10°! 1.18
Protactinium-234m 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.17 x 107! 3.18x 10°!
Uranium-233 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 4.81 x 102
Uranium-234 0.0 00 0.0 0.0 0.0 0.0 0.0 2.03 1.99
Uraniam-236 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.71 x 10"} 3.53 x 10°}
Uranium-238 0.0 0.0 0.0 0.0 00 0.0 0.0 3.17 x 107! 3.18 x 107!
Neptunium-237 0.0 0.0 0.0 0.0 0.0 0.0 0.0 9.99 x 10! 1.18
Neptuniom-239 0.0 0.0 0.0 0.0 0.0 1.70 x 10! 1.69 x 10! 1.56 x 10" 6.68
Plutonium-238 2.45 x 107 243 x 107 2.33 x 10? 2.16 x 10° 1.99 x 10° 1.70 x 10° 1.15 x 10° 1.08 0.0
Plutonium-239 3.13 x 10* 3.13 x 10* 3.13 x 10% 3.13 x 10° 3.13x 10® 3.13 x 10? 3.12 x 10? 3.05 x 102 2.37 x 10?
Plutonium-240 5.26 x 10* 5.27 x 10? 621 x 102 65.28 x 10% 5.28 x 10? 5.28 x 10? 5.26 x 10? 4.78 x 102 1.84 x 102
Platonium-241 1.20 x 105 9.87 x 10* 7.76 x 10* 4.79 x 10* 2.96 x 10* 1.13 x 10* 1.02 x 10° 0.0 6.50 x 10°2
Plutonium-242 0.0 0.0 0.0 00 0.0 0.0 0.0 1.72 1.69
Americium-241 3.08 x 10® 1.00 x 10° 1.69 x 10° 2.65 x 10° 3.21 x 10° 3.71 x 10° 3.75 x 10° 8.93 x 10? 6.55 x 102
Americium-242 0.0 0.0 0.0 0.0 0.0 0.0 457 x 10° 0.0 0.0
Americium-242m 0.0 0.0 0.0 0.0 0.0 0.0 4.60 x 10° 0.0 0.0
Americium-243 0.0 0.0 0.0 0.0 0.0 1.70 x 10! 1.69 x 10! 1.56 x 10} 6.68
Curium-242 1.04 x 104 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Curium-244 1.88 x 10° 1.60 x 10? 1.32 x 10° 9.00 x 10% 6.14 x 102 2.85 x 102 421 x 10" 0.0 0.0
Curium-245 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 6.49 x 102

* Discharge from a 33,000-MWd/MTIHM PWR; includes all structural materials.
®  Nuclides contributing >0.01% are listed.
Source: Notz et al. (1887).
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APPENDIX B:

METHOD FOR ADJUSTING CASK EXTERNAL DOSE
RATES RELATIVE TO CASK DIMENSIONS



82

L)

L

0

£

s U

L



07 4 4

K1

83

APPENDIX B:

METHOD FOR ADJUSTING CASK EXTERNAL DOSE
RATES RELATIVE TO CASK DIMENSIONS

This appendix describes a method developed for adjusting the cask external dose

rates when different cask dimensions are used in place of a reference cask.

B.1 FORMULATION

In this method, the radiation source from the cask is approximated by a uniform
surface-source cylinder characterized by a radius R and length L and a surface source
strength S,, as shown in Figure B.1. For a receptor P located at a distance r from the
centerline of the cask (Figure B.1), the radiation (neutron or gamma) flux ¢ at the receptor
can be calculated by (Jaeger 1968)

S.R

= F (vk (B.1)
¢(r) "D (y.k)
where:
y = tan‘l[_ul] , (B.2)
r-R
2(rR)V2
k=2 (B.3)
T and
Fiyk) = fo‘" exp (-k sec 6) do . (BA4)

where Vy is the angle subtended by the centerline and the edge of the cask, as viewed by the
receptor (Figure B.1); L equals the length of the cask; R equals the radius of the cask; and

r equals the distance of the receptor measured from the center of the cask.
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P = receptor
R = cask radius
L = cask length

r = distance from
receptor to the
cask centerline

e ()

FIGURE B.1 Schematic Diagram Corre-
lating Doses to Cask Dimensions

B.2 DOSE RATE CONVERSION

In the above calculations, it is assumed that the dose rate is directly proportional to
the flux at the receptor. If K, is the flux-to-dose-rate conversion factor, then the dose rate

at receptor P is approximated by

D(r) = Kot(r) (B.5)

Ifﬁo(r) represents the dose rate at r for the reference cask with dimensions Ry, and
Ly, and I')l(r) represents the dose rate at r for a new cask with dimensions R, and L, the
adjusted dose rate will be f)l because of the dimension changes. Both casks must meet the
regulatory dose rate limit for Type B containers (i.e., 10 mrem/h at 2 m from the surface);
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therefore, the dose rates at such distances for both casks are assurr "1 to be equal to this

limit. From Equation B.1, the following equations can be derived:

. SaoR0Ko
Do(Rp+2) = —22 2~ F(ygo,kgo) (B.6)
olRo+ Ro+2) Vo2:ko2
9 S R KO
D,(R;+2) = 281710 pry , k (B.7)
1(R1+2) GR+2) (y12,k12)
where:
Yoz = tan"1Ly /4 | (B.8)
Yig = tan'lLo 4 (B.9)
12
kyy = A0 2Rl = (B.10)
(2Ry+2)
1)
kyy = ZE12R] (B.11)
@R, +2)

where y and k are evaluated at 2 m from the surfaces of the two casks. Both Dy(R,+2) and
D,(R,+2) are assumed to be equal at 10 mrem/h.

Thus, the dose rate at a distance d from the surfaces of the two casks is

: ,
Dy(d+Ry) = _ﬂc‘l’% F(yo.kq) (B.12)
S
where:
(Lo’2\ (B.14)
Yo = tan™! i '
\ a4
(L /2\
v, = tan"! (11 , (B.15)
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172
ko = R0 DRI g (B.16)
(2Ry+d)
12
k, = AR dRY (B.17)
(2R1"'d)

B.3 DOSE RATE ADJUSTMENT

The surface sources S,, and S,, in Equations B.6 and B.7 are determined from the
total source, S, = 2rS_RL. By using the relationship of S, and S;; and Equations B.12 and
B.13, the ratio Q(d) of the dose rates at a distance d meters from the surfaces of the two

casks becomes

0@ - ]51(d+Ro) (B.18)
Do(d*-Rl)
_ (2Ro+d)  Flypky) = (2Ry+2)  Flyopkep) (B.19)

TR;+d) Tlyoky (CRg+2) Flyyok;9)

The ratio Q(d) depends on the reference cask dimensions, Ry and L, and the new cask
dimensions, R, and L;. The ratio Q(d) can be used to adjust the dose rates obtained from
Equation 2.1 due to changes in cask dimensions. That is, the adjusted dose rate ﬁl(d) for a
receptor at a distance d meters from the cask surface can be obtained by

Dy(d) = Dy(d) Qd) (B.20)

where f)o(d) is the known dose rate for the reference cask, and Q(d) is the dose-rate ratio
obtained from Equation B.19.
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APPENDIX C:

METHOD FOR SCREENING RADIONUCLIDES

Spent nuclear fuels are usually irradiated in nuclear reactors for many hundreds of
hours before they are removed for refueling. Thus, even after years of cooling, the spent fuels
may still contain several hundred different radionuclides. Because it is necessary to limit the
number of nuclides for each assessment when using RISKIND (up to 40 nuclides), and
because not all of these radionuclides are radiologically significant in the environment,
selecting radionuclides of potential importance becomes an essential task. With careful
screening, the number of nuclides selected can be reduced to a manageable size without
sacrificing accuracy in dose calculations. The process used to select radionuclides for dose

calculations is described in this appendix.

C.1 KEY PARAMETERS

The relative importance of the various radionuclides contained in spent nuclear fuels
is evaluated by considering (1) the quantity of each radionuclide present, (2) the fraction of
each radionuclide that would be released to the atmosphere during an accident, and (3) the
various exposure pathway-dependent factors. The latter includes soil-to-vegetation transfer
factors, vegetation-to-meat and -milk transfer factors, and human and animal food ingestion
rates; the dose conversion factors for each exposure pathway; and the radionuclide decay
constant and weathering removal parameter that determines how long deposited radioactive
material remains on the ground. Because this screening process is designed for detailed dose
analysis, only key parameters that are important in determining radiological impacts to

humans are considered.

The quantity of each radionuclide present in the spent fuel is dependent on
characteristics such as fuel burnup, type of reactor (pressurized-water reactor [PWR] or
boiling-water reactor [BWRY]), and age of fuel (cooling time). Oak Ridge National Laboratory
(ORNL) has compiled a spent fuel radionuclide database (Notz et al. 1987) with the
ORIGEN2 code (Croff 1980). The results of the ORNL data compilation are given in the
U.S. Department of Energy (DOE) report Characteristics of Spent Fuel, High-Level Waste, and
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Other Radioactive Wastes Which May Require Long-Term Isolation (DOE 1987 )" In
RISKIND, the radionuclide source term in the spent fuel, Q(i), is calculated on the basis of

the user’s input values for fuel burnup, type of reactor, and age of fuel.

The amount of a radionuclide that can be released to the atmosphere during an
accident is usually represented by the release fraction of the total source inventory in the
cask. The release fraction as defined for RISKIND is the fraction of the radioactivity
inventory in the cask that could become airborne during an accident. Because the amount
of radioactivity that could be released is highly dependent on the severity of the accident,
accurate calculation of doses requires that this value be determined for each accident
scenario. In the RISKIND code, the screening process is calculated for each of the 20 cask
response regions defined in the U.S. Nuclear Regulatory Commission (NRC) modal study
(Lawrence Livermore National Laboratory [LLNL] 1987). For convenience, radionuclides are
grouped by physical and chemical behavior: particulates; ruthenium, cesium, and iodine
isotopes; and noble or inert gases. The release parameters for these five types of

radionuclides have been discussed in Section 2.2.1 of this document.

C.2 PATHWAY CONSIDERATIONS

In RISKIND, three pathways that would lead to human exposure following
atmospheric release of radionuclides are used to determine the relative health hazards of one
radionuclide versus others in the shipping cask. The first pathway (I) is the short-term
exposure from air immersion and inhalation during plume passage; it used to determine the
relative importance of nuclides in causing individual doses from the passing plume. The
second pathway (II) is the long-term external radiation exposure from contaminated ground;
it is used to screen each nuclide’s relative importance with respect to the long-term hazard
of residing on the contaminated land. The third pathway (III) is the long-term internal
radiation exposure from ingestion of contaminated foods; it is used to screen each nuclide

relative to the hazard from eating or drinking contaminated food products and water.

* The database was recently revised (DOE 1992). This revised database will be incorporated into the
next revision of RISKIND.
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C.3 SCREENING PARAMETERS

The dose received from pathway I at a particular location from radionuclide i can be

written as
DIG) = j 212 DFI(i,j) Q() RS(G) C,(i) (C.1)
where:
DIG) = dose from pathway I (short-term) exposure for radionuclide i;
DFI(i,j) = appropriate dose conversion factor for radionuclide i, exposure
pathway j;
J = 1, for inhalation; j = 2, for air immersion;
Q@) = source inventory of radionuclide i;
RS(i) = expected release fraction for a unit for radionuclide i; and
C,() = time-integrated relative air concentration factor at a reference

location for radionuclide i; (_Ja(i) is assumed to be independent
of radionuclide i, i.e., C,(i) = C,.

The relative importance of a radionuclide for pathway I exposure is calculated as

FIG) = DIG) 210 (C2)

3. DIG)

Equation C.2 can be written as

T Q) RSG) DFIG )
1G) = J=12 (C.3)
FIO) = v—¢ Q0 RSG) DFIGY)

i j=12

The dose received from pathway II (long-term external exposure from ground contamination)

can be written as

DIIG) = DFIIG) Cy) (C4)
Cgld) = Q() RSG) C,G) V4() TGG) (C.5)

TG(i) = {1 -exp[-A(i) TIVA (1) (C.6)
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where:
DIIi) = dose from external exposure to ground contamination for
radionuclide i;
DFII(i) = dose conversion factor for ground external exposure;
C g(i) = time-integrated ground concentration for radionuclide i;
V4i) = deposition velocity for radionuclide i;
kg(i) = effective removal constant, including radioactive decay and

weathering, for radionuclide i; and
T = total time period for ground external exposure (default: 50 yr).

The relative radiation hazard of a radionuclide from pathway II exposure is calculated as

FIIG) = 20

¥ DI e
1
Explicitly,
FIIG) = 9 RS® V4 DFIIE) TGH)

¥ QG) RSG) V4() DFIIG) TGQ) (C.8)

Pathway III accounts for long-term food ingestion. The amount of radioactivity
ingested over time through the food pathway is difficult to assess. A simplified approach is
used for screening purposes. The dose received from ingestion of food is approximated by
estimating radionuclides in foodstuff via root uptake mechanisms from soil. The dose

received from pathway III is approximated by

DIIIG) = DFIIIG) S,() [F1G) + F2() + F3()] Cyli) (C.9)
F16) = Fy() Q, Upp (C.10)
F20) = F,(i) Qa Uplp (C.11)

F3G) = 0.5 Uyp (C.12)
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where:
DIII(i) = ingestion dose factor for pathway III exposure;
DFIIIi) = ingestion dose conversion factor for radionuclide i:
S,(i) = soil-to-vegetation transfer factor for radionuclide i;
Fy (i) = meat transfer factor for radionuclide i;
F,(i) = milk transfer factor for radionuclide i;
Uy, U U, = human food ingestion rate for meat, milk, and vegetables,
respectively;
Q, = animal pasture ingestion rate for meat cattle and milk cows;
and
p = vegetation yield density of pastureland or a vegetable garden.
The relative importance of radionuclide i for pathway III exposure can be expressed
by
FIIIG) = };9%% (C.13)
Explicitly,

DFIII() Q) RS(3i) V4G) S,() [F1G) + F2G) + F3(3i)] TGG)

FIIIG) = e 1) + F26
YT x DFIIIG) Q1) RSG) V4@ S,0) FID) + F20) - Fsml 1o~ (G149
i

The radionuclide selection criterion in RISKIND is based on the calculated relative
importance of the values of FI(i), FII(i), and FIII(i). The screening procedure is such that

radionuclides are selected as
FI(i) > S, or FIIG) > S, or FIIIG) > S (C.15)

where S is the radionuclide selection criterion (default: 0.01, or 99%). In using RISKIND,
the radionuclide selection process follows the procedures described above until the total
number of selected nuclides exceeds the prescribed limit of 40. If the number of nuclides

selected exceeds this limit, it is recommended that the user change the input value of S to
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a larger value so that the dose calculation will cover the whole range of nuclides in the spent

fuels.

In RISKIND, up to 40 radionuclides can be selected for each accident scenario. By
selecting an appropriate S value, the number of radionuclides considered can be reduced from
about 100 to a much smaller number while maintaining a high degree of accuracy in the

calculated results.
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METHOD FOR ESTIMATING THE SPALLATION OF CRUD MATERIAL
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APPENDIX D:

METHOD FOR ESTIMATING THE SPALLATION OF CRUD MATERIAL

D.1 SOURCES OF CRUD

A loaded spent fuel shipping cask has three sources of radioactivity: (1) the
radionuclides contained within the individual fuel rods that make up the fuel assemblies,
(2) the residual activity on the cask cavity surfaces as a result of loading operations and
previous shipments, and (3) fission- and activation-product activity associated with deposited
material (i.e., crud) on the fuel assembly surfaces. This appendix describes the method used
to estimate the amount of crud material that could be spalled from a shipping cask during
a transportation accident. The method follows the information and methodology described
in a recent Sandia National Laboratories report by Sandoval et al. (1991). Because of the
sparsity of experimental data in the area of spallation fractions for mechanical loads and the
lack of information on particle size distributions of spalled crud deposits on spent fuel, the
results presented in Sandoval et al. (1991) are of limited use and are upper bound estimates.
Further experimental and analytical analyses would be necessary if a more accurate

prediction of crud release were required.

D.2 CHARACTERISTICS OF CRUD

Crud is a mixture of reactor primary cooling system corrosion products that have
deposited on fuel rod surfaces. These deposits contain neutron-activated nuclides and may
also contain fissile particles and fission products. During shipment, crud may spall from the
rods, become airborne in the cask cavity, and be released to the environment should a leak
path develop in the cask containment system. The release rate is dependent on the
properties of the crud in terms of its specific activity, radioactive species, amount of crud

available for release, spallation properties, and particle size distribution.

The crud activity inventory, as discussed in Sandoval et al. (1991), is a function of
fuel type, fuel age, isotope composition, and reactor system chemistry. The crud spallation
rate and initial particle size distribution of dispersed crud are functions of transport and
accident conditions, fuel type, and fuel history. The leakage rate is dependent on cask design



98

in terms of cask cavity dimensions and configuration, number and type of fuel assemblies in

the cask, surface area of the cask cavity, basket, fuel rods, and so forth.

The maximum amount of crud-borne activity that could be released to the
environment because of a breach in the integrity of the shipping cask is the total crud
inventory in the cask. A number of attenuation mechanisms can significantly mitigate this
source term. These include the processes that render the crud particles airborne, deposition
and gravitational settling of the particulates during transport from their point of origin to the
breach point in the shipping package, the mode and duration of the driving force that affects
such transport, and the possibility that spalled crud particles could plug the leak path. In
RISKIND, all of the spalled crud material is conservatively assumed to be released to the
environment for all U.S. Nuclear Regulatory Commission (NRC) modal study response
regions (Lawrence Livermore National Laboratory [LLNL] 1987) except region R(1,1), for

which no release is assumed because no leak path has been identified (see Section 2.2.1).

D.3 CRUD INVENTORY

Sufficient data are not available to completely specify the crud characteristics for
each type of fuel and other variables. Therefore, the conservatively estimated average and
maximum surface activity densities measured on the fuel rods and tabulated in
Sandoval et al. (1991) are used by RISKIND for estimating the total crud inventory in a cask.
The densities used by RISKIND for crud release analysis are given in Table D.1 for both
pressurized-water reactor (PWR) and boiling-water reactor (BWR) fuel assemblies. In

TABLE D.1 Crud Surface Activity
Density at Time of Fuel Discharge

Density (uCi/cm?)

Fuel

Type  Average Maximum Range
PWR 4 140 0.1-140
BWR 350 1,250 97-1,250

Source: Sandoval et al. (1991).
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calculating the actual crud surface density at the time of accident, these tabulated values are
adjusted by the decay of cobalt-60, according to the age of the fuel in the cask. This
adjustment is made because cobalt-60 accounts for 99% of the activity at 8 years from fuel
discharge for PWR fuel and 98% of the activity at 5 years from fuel discharge for BWR fuel.
The other crud isotopes — such as cobalt-58, manganese-54, chromium-51, iron-59,

zirconium-95, antimony-125, and zinc-65 — can be ignored.

The total crud inventory inside a cask is the product of the crud surface density and
the total surface area of the fuel rod. The total surface area of the fuel rod inside a cask is
a function of the cask design, the number of fuel assemblies, and the type of fuel. The
surface areas of a cask cavity, including the number of fuel rods for currently used shipping
casks, have been estimated and are presented in Sandoval et al. (1991). Table D.2 presents
the geometric parameters and fuel assembly information for currently used cask types. The
geometric parameters of the new types of casks should be reevaluated when new cask data

become available.

D.4 CRUD SPALLATION

Crud spallation depends on the condition of the crud at the time of fuel discharge,
the effects of pool storage, and subsequent handling. The ability of crud to become airborne
depends on the particle size distribution of the épaﬂed crud. Some crud (i.e., flocculent crud,
usually on BWR fuel rods) can be easily removed from the fuel rod with a soft brush, whereas
tenacious crud, such as that usually found on PWR fuel rods, is not easily removed. Because
of insufficient data on crud particle spallation due to impact or shock-related force on the
cask during transport, spallation fractions of 1.0 were conservatively assumed by
Sandoval et al. (1991) for all impact-related releases. In RISKIND, a spallation fraction of
1.0 is assumed for all levels of mechanical loads above 0.2% strain. A spallation fraction of
0.15 was estimated as the upper bound for crud particle spallation fractions for the regulatory
fire accident condition (30-minute exposure to a fire of approximately 1,500°F). This value
is assumed for all levels of thermal loads above a 500°F lead midlayer thickness temperature.
The values of the spallation fraction assumed for the 20 cask accident response regions are

given in Table D.3.
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TABLE D.2 Current Cask and Fuel Assembly Design Parameters®

Fuel v A

Cask Type Type (m?) (m?) N,
NLI-1/2 PWR 0.155 39.0 1
NLI-V2 BWR 0.129 26.7 2
TN-gb PWR 0.151 37.0 3
TN-9b BWR 0.070 13.6 7
NAC-1/NFS-4 PWR 0.257 39.5 1
NAC-VNFS-4 BWR 0.268 27.2 2
IF-300 PWR 2.32 251.6 7
IF-300 BWR 2.34 209.5 18
NLI-10/24 PWR 3.27 357.4 10
NLI-10/24 BWR 3.27 297.6 24

& V = void volume of loaded cask; A, = tot;a] surface area of cask cavity,
including fuel rods; and N, = number of assemblies that can be shipped
in cask.

b TN-8 has three compartments; TN-9 has seven compartments; values
given are per compartment.

Source: Sandoval et al. (1991).

TABLE D.3 Spallation Values for NRC Modal
Study Cask Response Regions

Response Spallation  Response  Spallation

Region Fraction Region Fraction
1 0.15 11 1
2 1 12 1
3 1 13 0.15
4 1 14 1
5 0.15 15 1
6 1 16 1
7 1 17 0.15
8 1 18 1
9 0.15 19 1
10 1 20 1
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APPENDIX E:

METHOD FOR ESTIMATING CASK RESPONSE FROM
USER-SPECIFIED ACCIDENT SCENARIOS

In a shipping accident involving spent nuclear fuel, mechanical or thermal cask
response or both can be generated and damage to the cask can occur. The response depends
on many factors, which are described in the modal study of the U.S. Nuclear Regulatory
Commission (Lawrence Livermore National Laboratory [LLNL] 1987). Such factors include
the mechanical loadings generated by the accident impact velocity and the object that is
struck and, in the event of a fire, the thermal loadings generated by flame temperature and
duration of the fire. This appendix describes the subroutine implemented in RISKIND to
determine the magnitude of the cask response on the basis of user-specified accident
scenarios. The subroutine incorporates the parameters developed for the reference casks in
the modal study. Because the response can be different for various cask designs subjected
to the same accident conditions, reevaluation of the cask response may be necessary for a
more accurate assessment of the potential radiation hazards when cask designs significantly
different from those of the reference casks are involved. In the modal study, an analytical
method based on various computer codes was used to estimate cask responses. These

computer codes have been benchmarked or validated against experimental data.

Two representative cask designs were developed in the modal study (LLNL 1987):
one for truck shipments and the other for rail shipments of spent fuel. The configurations
of these representative casks are shown in Figure E.1 for a truck cask and Figure E.2 for a
rail cask. The truck cask is designed to allo& for transport of a single pressurized-water
reactor (PWR) fuel assembly; the rail cask capacity is 21 PWR fuel assemblies. A detailed
description of the designs is provided in the modal study (LLNL 1987).

The cask response state during an accident is categorized in terms of the magnitude
of the mechanical and thermal loads that could be received by a spent fuel cask. Both loads
generate response states for a cask that could result in damage to the cask and the release
of radioactive material. Because specific mechanical and thermal loading conditions can
affect the cask under a variety of accident conditions, identifying the loading parameters is

an essential task.
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E.1 MECHANICAL LOADS

The dominant mechanical loads have been identified as the forces on the cask caused
by impact with a surface or hard object. Three major accident parameters have been
identified that affect the cask mechanical response and may cause damage: (1)impact
velocity, (2) orientation of the cask, and (8) hardness of the object impacted. The impact
velocity depends on the relative velocity of the cask and the angle of impact with respect to
the object impacted. The relative velocity is the relative velocity of the cask and the impact
object at the time of impact. The impact angle is the angle between the cask velocity and the

plane of the surface struck. The impact velocity can be calculated as
Impact Velocity = Cask Velocity x sina (E.1)

The cask orientation angle is the angle between the accident velocity and impact
velocity; Figure E.3 shows the interrelationship of these accident parameters. The impact
on a surface with a 0° cask orientation constitutes a sidewise impact, whereas a 90° cask
orientation constitutes an endwise impact. The object hardness is the hardness of the object
impacted during the accident. Four increasing levels of object hardness are categorized in the
modal study (LLNL 1987): very soft (water), soft (tillable soil), medium (hard soil/soft rock),
and unyielding (hard rock). '

To characterize mechanical load response states, the strain on the inner shell of the
shipping cask was selected as the single parameter in the modal study (LLNL 1987). The
relationships between the strain and various accident parameters such as cask velocity,
impact angle, cask orientation, and object hardness were investigated extensively. Three
discrete levels of maximum strain on the inner shell were used to relate ranges of response
states and mechanical loads to potential radiological hazards: 0.2% (elastic), 2% (plastic),
and 30% (plastic) strain at the inner shell. The relationship between strain and impact
velocity has been developed for various object hardnesses and cask orientations. The impact
velocities required to reach the three discrete levels of maximum strain on the inner shell for
the representative truck and rail casks are given in Table E.1. By using the bounding impact
velocities for various cask orientations and impact surfaces, the response regions for the
representative truck and rail casks can be determined by interpolation for any combination

of impact velocity, cask orientation, and impact hardness.
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TABLE E.1 Impact Velocities Required to Attain 0.2%, 2%, and 30% Strain Levels
for Objects Impacted in Highway and Railway Accidents®

Impact Velocity (mph) at Various Strain Levels and Impact Angles

0.2% Strain at 2% Strain at 30% Strain at
Three Angles Three Angles Three Angles
Accident Type/
Object Hardness {1 g 45° 90° 0° 45° 90° 0° 45° 90°
Highway
Unyielding 32 35 38 51 49 46 >150 113 76
Median 32 35 38 51 49 46 >150 >150 >150
Soft 32 58 84 51 101 >150 >160 >150 >150
Very soft 42 >150 38 59 >150 64 »>150 >150 >1560
Railway
Unyielding 55 47 38 72 60 48 >150 128 105
Median 556 47 38 72 60 48 >150 128 105
Soft 55 47 40 72 691 65 >1560 >150 >150
Very soft 55 >150 38 72 >150 60 >1560 >150 >150

& In the modal study (LLNL 1987), 150 mph is defined as the maximum credible velocity.
Source: LLNL (1987).
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E.2 THERMAL LOADS

The temperature at the midlayer thickness of the lead shield (lead is the material
assumed for the reference cask) was selected in the modal study as the appropriate
parameter for characterizing thermal load response states. This temperature can be related
to three accident parameters: fire duration, fire location, and flame temperature. Fire
duration is the duration of the fire during the accident. Flame temperature, which usually
ranges from 1,400 to 2,400°F, is dependent on the burning materials and the amount of
oxygen present in the flame. Fire location is determined by the relative distance from the
fire to the cask. Fire location has been found to be an important factor in determining the
thermal load. The heat load received by the cask can decrease by a factor of 4 for a fire 20 ft
from the cask compared with the heat load for an engulfing fire.

For casks with lead shielding, four discrete temperature response levels — 500, 600,
650, and 1,050°F — are used to characterize the ranges of thermal response states and,
therefore, the release potentials. The fire durations required to reach these four response
states for a 1,700°F engulfing fire were estimated in the modal study (LLNL 1987).
Table E.2 shows the results of the required fire durations for the 1,700°F engulfing fire to
reach the four lead midlayer thickness temperatures. The response states for fires that
deviate from the 1,700°F engulfing fire were examined in the modal study; the approach
developed in that study to extrapolate the fire duration results estimated for the 1,700°F
engulfing fire is presented in the following paragraphs.

TABLE E.2 Fire Duration Required to
Reach the Four Levels of Lead Midlayer
Thickness Temperatures for a 1,700°F

Engulfing Fire
Duration (h)
Temperature
(°F) Truck Cask Rail Cask
500 11 1.2
600 14 1.8
650 2.1 2.7
1,050 3.3 5.1

Source: LLNL (1987).
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For a given fire scenario, the thermal response represented by the lead midlayer
thickness temperature can be related to the fire duration, flame temperature, and fire
location. The general equation developed in the modal study to extrapolate the thermal

response of the 1,700°F engulfing fire to any other fire scenario is expressed as
dp (1) = &t) dp (1,700 ft) (E.2)

where dp (t,]) is the fire duration corresponding to a lead midlayer thickness temperature °F
for flame temperature t and fire location 1. The temperature multiplication factor, &(t), is
used to estimate the relative fire duration required for a flame temperature t to fire a 1,700°F
fire on the basis of the same thermal response in terms of lead midlayer thickness
temperature. Values of &t) provided in the modal study are given in Table E.3. The distance
multiplication factor, &), is used to extrapolate the results of thermal response computed for
the engulfing fire (distance | = 0 ) to the away-from-the-cask fire (distance = 1). For the

representative truck cask, &1) is expressed as

&(1) = 0.78 exp(0.7732 + 0.06287 1) for 1> 1.5 ft. (E.3)
For the representative rail cask, 1) is expressed as

3(1) = 0.78 exp(0.62874 + 0.084711) forl> 4 ft. (E4)

E.3 DETERMINATION OF RESPONSE REGIONS

Cask responses during a transportation accident depend on the containment vessel
strain and the lead midlayer thickness temperature. The potential responses have been
partitioned into 20 response regions R(ij) (i = 1,2,3,4; j = 1,2,3,4,5) consisting of the
combination of four structural response regions and five thermal response regions, as shown
in Table E.4.

To determine an appropriate response region [R(k,j)], the user must provide the

following input parameters:
e Mechanical load accident parameters
- Cask velocity,

- Impact angle,
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TABLE E.3 Heat Flux
Factors for Flame

077

Temperatures
(engulfing fire)
Flame
Temperature, t
(°F) o(t)
1,400 1.72
1,500 1.43
1,600 1.21
1,700 1.0
1,800 0.86
1,900 0.73
2,000 0.64
2,100 0.56
2,200 0.49
2,300 0.44
2,400 0.39

Source; LLNL (1987).

TABLE E.4 Response Regions Categorized by Vessel Strain and
Lead Midlayer Thickness Temperature

Structural Response Thermal Response

Region (i) Condition Region (j) Condition
1 < 0.2% strain 1 < 500°F lead midlayer
thickness temperature
2 0.2% to 2% 2 500 to 600°F lead
strain midlayer thickness
temperature
3 2% to 30% 3 600 to 650°F lead
strain midlayer thickness
temperature
4 > 30% strain 4 650 to 1,050°F lead
midlayer thickness
temperature
5 > 1,050°F lead

midlayer thickness
temperature
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- Cask orientation, and
- Hardness of the impacted object.
¢ Thermal load accident parameters

- Fire duration,

Flame temperature, and

Fire location with respect to the cask.

The flow diagram to relate the accident parameters to the appropriate response
region is given in Figure E.4. All of the threshold or bounding accident parameters used in
this algorithm follow those provided in the modal study (LLNL 1987). For accident

parameters that are not equal to the threshold values, linear interpolation between the two

bounding values is assumed to be appropriate.



<g

07

3

05

Input Accident Parameters

Impact Parameters

Calculate impact Velocity

Fire Parameters

7

V(impact)
i=2 j=2
—P> g—
Adjust Bounding Impact Adjust Bounding Fire Duration
Velocity V(i) for Object D(j) for Flame Temperature
Hardness and Cask Orientation and Fire Location
Compare Impact Velocity Compare Input Fire Duration
imie1 with Adjusted Bounding D(fire) with Adjusted Bounding j=j+1
Impact Velocity Fire Duration
Is V(impact) < V(i)? Is D(fire) < D(j)?
No ‘ Yeos Yes ‘ No
No 5 No
i = i = 7
Is i=47 laiz1 Juj—1 s j=57
Yes Yes
—P i
I=4 ‘ J=5
A4

Output Response Region R(i, )

FIGURE E4 Flow Diagram Used in RISKIND to Determine Cask Response Regions



Q7 7

P

)} 5

[

7

114

APPENDIX E REFERENCE

Lawrence Livermore National Laboratory, Shipping Container Response to Severe Highway

and Railway Accident Conditions, NUREG/CR-4829, prepared for U.S. Nuclear Regulatory
Commission, Feb.



)

7 7

0

3

n

I~

APPENDIX F:

PROGRAM STRUCTURE



077

05

7

116



i
i,

077

3

05

7

117

APPENDIX F:

PROGRAM STRUCTURE

Information related to the program structure and data transfer used in RISKIND is
provided in this appendix. RISKIND is composed of the main program, subroutines, and
utility function modules. Data transfer is performed primarily through labeled common
blocks. The default values of the data used by RISKIND are defined in two block-data
subroutines, INIT1 and INIT2.

F.1 HIERARCHY

The hierarchy of the modules in RISKIND is given in Figures F.1 through F.7.
These diagrams represent calling sequences and give a brief description of the purpose of
each module. In addition to the modules shown in the hierarchy diagrams, RISKIND also
uses three output mﬁfinés. ”'Ir‘rhese 71'7(7)1717tinés are ﬁséd by other modules to write program

outputs.

F.2 COMMON BLOCKS

Most of the data transfers among modules are handled through labeled common

blocks. RISKIND uses numerous labeled common blocks; some of the major blocks are listed
in Table F.1.
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Program RISKIND

PART1 B.1.1

PART 2

PUFPOP B.1.3

EXTERNL B.1.2

CASKPR

PUFIND B.1.4

ACUTE B.1.5

TMDOS B.1.6
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Read and write input values;
select nuclides for dispersion
and dose calculations

Retrieve data for population
dose calculation

Perform dispersion calculations
for collective population

Perform dose calculations
for routine transportation

Determine cask response region
for user input parameters

Perform dispersion calculations
for individual receptors

Perform acute dose and
health risk calculations

Perform long-term dose
calculations for all pathways

FIGURE F.1 Hierarchy Diagram for Main RISKIND Program
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Subroutine PART1

METDAT

NUCLD

REDDF |—

NUCINV |—

DSFPRT |—

119

Assemble meteorological
input parameters

Select and list up to 10 of the most
important radionuclides on the
basis of their relative hazard indexes

Read dose conversion factors

Determine radionuclide
source inventories

Print dose conversion factors

FIGURE F.2 Hierarchy Diagram for Subroutine PART1



3

05

Subroutine EXTERNL

INDEXT

PTDOSE

DSLINE [

SHAPE

SIMPS

POPEXT

PSTOP

PSDOSI

120

Calculate external doses for
individual receptors

Calculate external doses from cask as a
function of distance for a point source

Calculate external doses from
an infinite line source

Calculate correcting factors
according to cask size and shape

Perform Simpson's rule integration routine

Calculate external doses for
collective population

Calculate external doses for
population at stops

Calculate area-integrated doses
for population

FIGURE F.3 Hierarchy Diagram for Subroutine EXTERNL
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Subroutine PUFIND

HRISE

HEADER

TABLET

UFACTR

DEPLTI
1

SIMPS
1

FCN1

XOQMAXI

DEPLTI |—

DERIVI| —

XL, XLM
l

GLAC

WLAC

SY

XVvy

SZ

Xvz

121

Calculate plume rise

Print headings and page numbers

Print output tables

Calculate wind-speed adjusting factor
Calculate plume depletion

Perform Simpson's rule integration routine

Perform source-depletion integration routine

Calculate maximum air concentration
for elevated release

Calculate first derivative for
maximum concentration calculation

Determine ranges of downwind distances
affected by mixing height

Calculate ground-level air concentration

Function to calculate relative
wet deposition

Function to calculate SIGMA Y
Calculate horizontal virtual distance

Function to calculate SIGMA Z

Calculate vertical virtual distance

FIGURE F4 Hierarchy Diagram for Subroutine PUFIND
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Subroutine ACUTE

PACUT

ETEST

WATER

TABLE2

TABLE1

TABLE2

HEADER

122

Calculate early health effects

Function to test for exponential overtlow

Calculate concentrations in
water and doses from drinking

Print receptor-dependent
output parameters

Print output tables for a receptor/contour

FIGURE F.5 Hierarchy Diagram for Subroutine ACUTE



7

3

0 5

7

Subroutine TMDOS

GROUND

TAIRR

INDOSE

WATER

INDPRT

POPPRT

FDOSE

PFDOSE

[L_._]

FOOD

VEGFOD

Calculate time-integrated
ground surface concentration

Calculate time-integrated
air concentration

Calculate doses to individuals
from air and ground pathways

Calculate ingestion dose
from contaminated water body

Print individual dose
summary tables

Print population dose
summary tables

Calculate ingestion doses from
contaminated foods for individuals

Calculate ingestion doses from
contaminated foods for population

Calculate concentrations in foods

Calculate concentrations in vegetation

FIGURE F.6 Hierarchy Diagram for Subroutine TMDOS
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ROOT

RIGHT;_]
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Xvy
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Calculate plume rise

Calculate wind-speed adjusting factor

Calculate plume depletion

Perform Simpson's rule integration routine

Perform source-depletion integration routine

Calculate maximum air concentration
for elevated release

Calculate first derivative for
various concentration calculations

Determine minimum distance for
concentration contours

Find the root of the function

Determine maximum distance for
concentration contours

Calculate ground-leve!l air concentration

Determine ranges of downwind
distances affected by mixing height

Function to calculate SIGMA'Y
Calculate horizontal virtual distance

Function to calculate SIGMA Z

Calculate vertical virtual distance

FIGURE F.7 Hierarchy Diagram for Subroutine PUFPOP
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TABLE F.1 Major Common Blocks Used in RISKIND

Block Type of Parameter
BLOCK DATA INIT1

ADT Accident-related parameters

CFOD Food pathway parameters

DCASK General cask information, including external dose
coefficients

DFLIB Radionuclide database

DKAY Source, radiological, and weathering decay coefficients

DSPR Meteorological data

EXT2 Input and output files

EVD Dose calculation results

PARAM Meteorological and dispersion parameters

RLINE Cask shielding parameters, including external dose
rates

RDADC1 Exposure pathway parameters

RDADC2 Shipment data and accident probability

RDADC3 Dose factors

RDADC4 Radionuclide concentrations and acute effects

SOURCE Source, accident parameters

STATED State accident statistics

WATPTH Water pathway parameters

XD0Q Receptor information and dispersion calculation
results

BLOCK DATA INIT2

ELEMEN Elementary data

TRANFR Elementary transfer coefficients

NUCLID Nuclide data

QSDATA Isotope data
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APPENDIX G:

DATA INPUT PREPARATION
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APPENDIX G:
DATA INPUT PREPARATION

The system module (RISKIND) will run on any IBM (or compatible) microcomputer
with a 3.1 or equivalent disk operating system (DOS), a hard disk drive, approximately
550 kilobytes (K) of available memory, and a math coprocessor. The RISKIND module

consists of two major components:

1. RISKINP.EXE — A compiled BASIC (Microsoft 7.1") program that
handles all user interaction with RISKIND. The user may input selected
run-specific data files, review and/or modify the parameters, save the
data in a selected file, view and/or print selected results from the latest
run, and execute RISKIND.EXE (see below).

2. RISKIND.EXE — A Fortran (Lahey F77L 4.1%) program that receives an
input file from RISKIND, performs all subsequent radiological calcula-

tions, and generates output files.

G.1 INSTALLATION AND OPERATION OF RISKIND

The RISKIND code is available on a single 1.44-megabyte (MB) 3.5-in. diskette. This
diskette should be inserted into the disk drive. The user should set up a subdirectory on the
hard disk to contain the files necessary for the RISKIND system (e.g.,\RISKIND); to do this
CD C:\ must be typed, follow by MKDIR RISKIND. The default to this directory can be set with
the command CD C:\RISKIND. To install the RISKIND system, A:RISKIND (assuming that

on the hard disk.

The RISKIND program can be operated by going to the directory and typing RISKIND.
The RISKIND Main Menu (Figure G.1) will appear. The problem is defined through the

input parameters entered with the help of these input screens.

* Microsoft Corporation, 1990, Microsoft BASIC 7.1, Redmond, Wash.

T Lahey Computer Systems Inc., 1990, Lahey F77L 4.1, Incline Village, Nev.
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G.2 INPUT REQUIREMENTS

The RISKIND system is a menu-driven program that consists of a main menu
with 10 major input data categories and two major function categories (Figure G.1). The
input data categories are described below. Some data categories require input on multiple
screens. These screens will appear at the appropriate time, if necessary, for problem
definition. The input from the screens is collected and stored in a file in FORTRAN
NAMELIST format. This file is then used for input to the FORTRAN program RISKIND,
which performs the numerical calculations. Descﬁptions of the NAMELIST input parameters
are provided in Table G.1.

Category 1 input parameters describe the type of problem to be solved and the files
used for default and final storage (Figure G.2).

Category 2 input parameters describe the spent fuel shipping cask in terms of its

capacity, size, annual shipment, transport index, and crud parameters (Figure G.3).

Category 3 input parameters specify the transport methods, such as mode, road type,
population zone, and speed (Figure G.4).

Category 4 input parameters specify accident probability and release data
(Figure G.5). An additional screen is available for loss of shielding during an accident
(Figure G.6). If the user specifies a specific scenario (IYOURS = -1), then another screen will
appear to define that scenario (Figure G.7).

Category 5 input parameters specify meteorological data and dispersion parameters
(Figure G.8). The next screen depends on whether the problem is to use a specific wind speed
and stability (IYOURW=1; Figure G.9) or an average over historical weather conditions
(IYOURW = 0; Figure G.10). A further screen will appear if IMET = 1, that is, the user
inputs the wind frequencies directly (Figure G.11); otherwise, the meteorological data will be

read from a previously prepared file.

Category 6 input parameters specify receptor location-related parameters. If the
problem concerns individuals, a screen will prompt for the individual parameters
(Figure G.12); otherwise, a screen will appear defining water bodies for the population
exposure problem (Figure G.13).
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RISKIND: Computer Code for Transportation Risk Assessment (M010)

RISKIND Main Menu

Major Data and Function Categories

Files, Title, and State Identification
Spent Fuel Source Term and Cask Information
Traffic Mode Information
Accident Probablity and Release Data
. Meteorological Data and Dispersion Parameters
Receptor location Related Parameters
. Population Parameters
Population Parameters- Ingestion
Long Term Exposure Pathway Data
. Output Options

Execute the Code
12. View Output

Enter 1-12 from above list to select data or function category: IY
" rﬂ

9

ot
A

07

G.1 Main Menu of RISKIND System

Category 7 input parameters specify general population information (Figure G.14).
The additional information for population runs for incident-free problems is defined through
the screen shown in Figure G.15.

Category 8 input parameters specify population information needed for ingestion
considerations (Figure G.16). The long-term exposure parameters are defined with the next
category (Figure G.17).

The last screen defines parameters for the output of the results (Figure G.18).
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TABLE G.1 Description of Input Parameters

Input
Parameter Description

&INDATA NAMELIST data input string for RISKIND.

ACTA Accident probability: if ACTA < 0, use code-provided state-averaged value.
Default; 1 (consequence analysis).

PAG Long-term dose value for determining cleanup levels for
individual (mrem/50-yr).
Default: 5,000.

GROUP(20) Statement of no more than 20 letters for output identifier.
Default: TRUCK.’

STATEN(14) State name.
Default: Utah.’

TITLE(48) Statement of no more than 48 letters for job title.
Default: ‘Modal Study.’

FATA Accident fatality rate: if FATA < 0, use code-provided value.
Default: -1.0.

HS Physical release height (m).
Default: 1.0.

HZLM Radionuclide selection criterion: HZLM < 0.1.
Default; 0.01 (or 1%).

IACDT Flag for accident calculation:
>0, perform accident calculation;
<0, no accident calculation.
Default: 1.

IACFOD Flag for disposal of initially contaminated foodstuffs:
>0, no (calculate ingestion dose from initially contaminated foods);
<0, yes (do not calculate ingestion dose from initially contaminated foods).
Default: 0.

IBOUND Flag for level of conservatism in health risk calculations:
1 = lower bounds
2 = central estimates
3 = upper bounds.
Default: 2.

IMOD Transportation mode:
1 = truck
2 = rail
3 = others.

Default: 1.
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TABLE G.1 (Cont.)

Input
Parameter

Description

IRDTY

IRUTIN

ITREAT

ISTATE

IZONE

JC(2)

NGRF

HEADING

Road type:

1 = interstate highway
2 = primary road

3 = secondary road.
Default: 1.

Flag for routine dose calculation:
>0, perform routine dose calculation;
<0, no routine calculation.

Default: 1.

Flag for level of medical treatment:
1 = minimal treatment

2 = supportive treatment.

Default: 1.

Index of states:
1.LAL 2.AZ 3. AR 4.CA 5.
9.GA 10.ID 11 IL 12.IN 13
17. ME 18. MD 19. MA 20.MI 21
25.NE 26.NV 27.NH 28.NJ 29.NM
33.0H 34.0K 35.0R 36.PA 37.RI
41. TX 42. UT 43. VT 44. VA 45 WA
49. U.S. :
Default: 42,

Population zone category:

0 < population zone determined by population density input (POPD)

1 = rural

2 = suburban
3 = urban.
Default: 1.

Flags for output print options:

1 for print, 0 for no print;

i = 1, print summary output for each accident;
1 = 2, print detail output for each accident.
Default: 0, 0.

Dose risk graphic output file name of no more than 24 letters.

Default: ‘RISK.GRF.’

Dose risk graphic output heading of no more than 24 letters.

Default: ‘Dose/Risk.’

o Co t
SSBRE®

39355
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TABLE G.1 (Cont.)

Input
Parameter Description

NHEAD Number of letters in graphic output headings.
Default: 24.

OUTFIL(32) Output file name.
Default: ‘sample.out.’

PBUNIT(6) Unit of probability input value for ACTA.
Default: ‘1/km.

PHALF Radionuclide removal half-life from soil (yr).
Default: 50.

RSALF Resuspension factor decay half-life (yr);
Default: 0.137.

SEXT(20,2) Accidental external dose multiplication factor due to loss (i, j) of shle]dmg,
expressed in multiples of TI:
i = accident-response region
j =1, gamma
j = 2, neutron.
Default: 40*1.

SPEED Vehicle travel speed during normal transport (km/h);
if < or = 0, use code-provided value.
Default: -1.

SUFI Initial resuspenslon factor (1/m).
Default: 1 x 10

SUFF Final resuspensnon factor (I/m).
Default: 1 x 10°°,

DR2M Dose rate in mrem/h at 2 m from cask surface.
Default: 10.

VDEP Ground deposition velocity of particulates (m/s).
Default: 0.001.

VDVEG Average ground deposition velocity of 1-micron particles during plume passage
through farmland (m/s).
Default: 0.01.

WDEP Water surface deposition velocity (m/s).

Default: 0.02.



6

9

07

3

N5

7

TABLE G.1 (Cont.)

Input

Parameter_r B

Description

Number of years for calculating long-term individual dose commitment from
released contamination (yr).
Default: 50.0.

BURNUP

CACTD

CAREA

CVOID

FRAD(2)

'HSIZE

RSIZE

RTYPE

TFUEL

TYPCSK

NAMELIST data input string for nuclear shipment-related parameters.

Reactor fuel burnup MWd/MTIHM).
Default: 35,000.

Crud surface activity density of cask (uCi/cm?):
if -1, use code-provided value.
Default: 1.

Total surface area of cask cavity, including fuel (m?):
if -1, use code-provided value.
Default: 39.

Volume of void in cask (m®):
if -1, use code-provided value.
Default: 0.155.

Fraction of dose rate (at 2 m from the vehicle surface) contributed by neutron
and gamma radiations:

i=1, gamma

i = 2, neutrons.

Default: 0.60, 0.40.

Length of cask (m).
Input HSIZE = 0, use code-provided value.
Default: 6.97.

Radius of cask (m).
Input RSIZE = 0, use code-provided value.
Default: 0.97.

Reactor type for spent fuels (BWR or PWR).
Default: ‘PWR.’

Spent fuel cooling time (yr).
Default: 10.

Label of no more than 20 letters for type of cask.
Default: ‘Modal truck.’

Total uranium in cask (MTU).
Default: 0.46.
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TABLE G.1 (Cont.)

Input
Parameter

Description

IADD

INDR(20)

IDFOOD(20)

IRTP(20)

 ISHLT(20)

IWATER(20)

OCUPF(20,1)

POPW(20)

TEXT(20)

TSTP(20)

NAMELIST data input string start for receptor location-related parameters.

Number of receptor location for which individual doses will be calculated;
IADD also serves as the indicator for either individual dose runs (IADD >0) or
collective dose runs (IADD = 0).

0 < IADD < 20.

Default: 1.

Flag for either indoor or outdoor exposure for each receptor:
1 = indoor exposure

0 = outdoor exposure.

Default: 20*0.

Flag for food pathway for each receptor:
if 1, include food pathway

if 0, no food pathway.

Default: 20*1.

Pathway indicator for each receptor:

1: all pathway ( for both acute and long-term exposure)
2: acute exposure only (plume passage).

Default: 20*1.

Type of shelter for each receptor:
1: frame house

2: brick house

3: office building

4: cars on road.

Default: 20*1.

Flags for water pathway indicator for each receptor:
0 = no water pathway considered

1 = water pathway considered.

Default: 20*0.

Indoor (i = 1) and outdoor (i = 2) occupancy factor for each receptor for
calculating long-term doses.
Default: 20*0.5(indoors), 20*0.25(outdoors).

Number of people consuming water from each receptor (only used for population
dose calculation).
Default: 20*1.

Duration of exposure for each receptor after accident has occurred (h).
Default: 20%2.0.

Duration of stop at each receptor (h).
Default: 20*1.0.
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TABLE G.1 (Cont.)

Input
Parameter Description
WBDYD(20) Depth of water body at each receptor (m).
Default: 20*2.0.
WBDYW(20) Cross-wind width of water body at each receptor (m).
Default: 20*50.
WEXCG(20) Water body exchange rate per year.
Default: 20*1,
XRECEP(3,20) Individual receptor location coordinates:
XRECEP(1,i), downwind distance (km)
XRECEP(2,i), crosswind distance (km)
XRECEP(3,1), elevation of receptor (m).
Default: 1.0, 0., 0., and 57 * 0.
XNAME(20) Label for individual receptor location i, use up to 20 letters for each receptor.
Default: ‘DEFAULT RECEPTOR 1
NAMELIST data input string start for meteorological parameters.
ANH Anameter height (m).
Default: 10.0.
TABK Ambient temperature (K).
Default: 288.
IYOURW Meteorological data input option:
1: input user-provided wind speed and stability
0: use default wind frequency data set.
Default: 0.
If IYOURW = 1, Input the following parameters:
DMIX If 0, mixing height (m), use am and pm mixing heights.
Default: 800.
ITYPE Pasquill atmospheric stability categories
(1 - 6 corresponding to Pasquill stability categories A - F).
Default: 4.
RAIN Rainfall rate (mm/h).
Default: 0.0.
WSM Wind speed measured at anameter height (m/s).

Default: 4.0.
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TABLE G.1 (Cont.)

Input
Parameter Description
If IYOURW = 0, input the following parameters:

AMIX Annual average morning mixing height (m).
Default: 300.

PMIX Annual afternoon mixing height (m).
Default: 2,400.

IMET Input option of wind frequency data:
IMET = 1: input wind frequency data in fractions in 6 wind-speed and 6 stability
classes, DFREQ(6,6);
IMET = 0: input wind frequency data in 6 wind-speed and 6 stability classes
and 16 wind directions, FREQ(6,6,16).

IFREQ 1: Input wind frequency data FREQ in fractions
0: Input wind frequency data FREQ in percent
Default: 1.

DFREQ(6,6) Fractional frequency of occurrence of wind-speed class(6) and atmospheric

stability class(6) (only if IMET = 1).
Default: 36*0.0278.

FREQ(6,6,16) Fractional or percent joint frequency of occurrence of wind-speed class(6),

WS(6)

atmospheric stability class(6), and wind direction(16) (only if IMET = 0).
Default: 576*0.001736.

Average wind speeds for the six wind-speed classes of the wind frequency data
(m/s).
Default: 0.67, 2.46, 4.47, 6.93, 9.61, 12.52.

DFACT

FG

PFIN(3)

NAMELIST data input string for ingestion-pathway-related parameters.

Decontamination factor for human-consumed vegetation.
Default: 0.5.

Grazing factor.
Default: 0.5.

Fractions of each type of food grown on the contaminated ground consumed by
individuals:

i=1, meat

i=2, milk

1= 3, vegetation.

Default: 3 * 1.0.
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TABLE G.1 (Cont.)

Input
Parameter

Description

TREATM

XIN(3)

XINW

Efficiency of treatment used for contaminated water (currently not used).
Default: 0.0 (no treatment).

Individual food consumption rate (kg/d) for individual dose calculations
(IADD >0).

Defaults:

i=1, meat XIN(1) = 0.30

i=2, milk XIN(2) = 0.85

i = 3, vegetation XIN(3) = 0.77.

Individual drinking water intake (L/d).
Default: 1.0.

IYOURS

IfIYOURS =
VCASK
ALPﬁA

- BETA

IHARD

TFLAME

NAMELIST data input string for accident-related parameters.

Flag for accident scenario input:

-1: input your own accident parameters

0: use all (1 to 20) NRC modal study response regions
i: use ith (1 to 20) NRC modal study response region.
Default: 0.

1, input the following parameters:

Accident cask velocity (mph).
Default: 40.

Cask impact angle (°).
Default: 90°,

~ Cask orientation angle (°).
- -Default: 90°,

Impact object hardness index:
1. unyielding

2: medium

3: soft

4: very soft.

Default: 1.

Flame temperature (°F).
Default: 1,700.
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TABLE G.1 (Cont.)

Input
Parameter Description
DFIRE Fire duration (h).
Default: 5.
FLOCA Fire location (ft).
Default: 0.
NAMELIST data input string for population dose calculation-related parameters.
DSTP(2,10) Population exposure zone for ith stop type (m).
DSTP(1,i): minimum distance.
Default: 2,
DSTP(2,i): maximum distance.
Default: 50.
FARM Fraction of land within the zone of XPZ(1) and XPZ(2) is farmland:
if -1, use code-provided state average level.
Default: -1. )
FISHKG(20) Fish productivity in each receptor water body (kg) (currently not used).
Default: 20*0.
GMEAT Meat productivity in farmland (kg/km2-yr):
if -1, use code-provided state average level.
Default: -1.
GMILK Milk productivity in farmland (L/km?-yr):
if -1, use code-provided state average level.
Default: -1.
GVEGE Vegetation productivity density in farmland (kg/km?-yr):
if -1, use code provided state average level.
Default: -1.
HSTP(10) Duration of exposure for each stop type (h).
Default: 10*1.
HTEXP Duration of exposure during accident (h).
Default: 2.0.
IPFOD Flag for population food pathway:

if 1, calculate food pathway
if 0, do not calculate food pathway.
Default: 1.
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TABLE G.1 (Cont.)

Input
Parameter Description

IPWATR Number of water body locations for population drinking water dose calculations.
The user uses XRECEP and YRECEP to input the coordinates of each location.
Default: 0.

NSTP(10) Number of stops for ith stop type.

i Default: 10*1.

NSTY Number of stop types.
Default: 1.0.

OCUPF(20,2)  Indoor (j = 1) and outdoor (j = 2) occupancy factors. For population dose

ij calculation, (IADD = 0) only need input values for i = 1.

OCUPF(1,1): Average fraction of population indoor.
Default: 0.5.
OCUPF(1,2): Average fraction of population outdoor.
Default: 0.25.

PLNK Population density on-link (persons/km):
If -1, use code-provided value.
Default: -1.

POPD Population density between distances, XPZ(1) and XPZ(2) (persons/km?).
Default: 2.

PIVH Average number of persons in each vehicle for population on-link.
Default: 2,5,5.

PSTP(10) Number of persons exposed in each stop type.
Default: 10*50.

RDWTH Road width (m):

: if -1, use code-provided value.

Default: -1.

RFIE Fraction of population indoor during accident.
Default: 0.583.

XING(3) Average individual food consumption rate (kg/d) for population dose calculation:

Defaults:
i=1, meat XING(1) = 0.26.
i=2, milk XING(2) = 0.33.
i =3, vegetation XING(3) = 0.28.
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TABLE G.1 (Cont.)

Input
Parameter Description
XPZ(2) Population zone downwind distances (km) of interest.

XPZ(1) : minimum distance.
Default: 0.05.

XPZ(2) : maximum distance.
Default: 80.

RISKIND: Computer Code for Transportation Risk Assessment (MO11)

File, Title, and State Identification

Initial Data File Read:
Final Data File to Run:

Title(TITLE):
Group Name (GROUPN):
State, 2-letter abbv. (STATEN):

(0 = No, 1 = Yes)
(0 = No, 1 = Yes)
(0O=Population, N=Individuals)

Flag for Accident Calc.(IACDT):
Flag for Incident Free Calc. (IRUTIN):
Number of Individual Receptors (IADD) :.

Press "F1" or "F2" for HELP, or "Esc" to IGNORE CHANGES and return to main menu.
Press "F10" to SAVE DATA AND CONTINUEe

FIGURE G.2 Input Screen of RISKIND System, Category 1
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RISKIND: Computer Code for Transportation Risk Assessment (M012)

Spent Fuel Source Term and Cask Information

Reactor Type (RTYPE):
Fuel Burnup (BURNUP):
Spent Fuel Cooling Time TFUEL):

Label for type of cask (TYPCSK): Modal “Truck sk~
Cask Shipping Capacity (UMT): ) 6 Metric Ton
Radius of Spent Fuel Cask (RSIZE): 0.97 Meters
Length of Cask (HSIZE): : Meters

Transport Index (mrem/hr) at 1 meter from cask surface (TIDX):
Transport Index Contributed by Gamma Radiation (FRAD(1)):
Transport Index Contributed by Neutron Radiation (FRAD(2)):
CRUD Information (Enter if IACDT=1)::

Crud Activity Surface Density of Cask (CACTD):

Total Surface Area of Cask Cavity (CAREA):

Volume of void in cask (CVOID):

Press "F1" or "F2" for HELP, or "Esc" to IGNORE CHANGES and return to main menu.
Press "F10" to SAVE DATA AND CONTINUE

FIGURE G.3 Input Screen of RISKIND System, Category 2

RISKIND: Computer Code for Transportation Risk Assessment (M013)

Traffic Mode Information

Mode of Transporation (IMOD):

(1:Truck; 2:Rail)

Road Type (IRDTY): (l:interstate
2:primary
3:secondary)

Vehicle Speed (SPEED): Jam/hr

Population Zone Category (IZONE): (1:Rural
2:Suburban
3:Urban)

Road width (RDWTH):

Press "F1" or "“F2" for HELP, or “Esc" to IGNORE CHANGES and return to main menu.
Press "F10"™ to SAVE DATA AND CONTINUE

FIGURE G4 Input Screen of RISKIND System, Category 3
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RISKIND: Computer Code for Transportation Risk Assessment (M014)

Accident Probability and Release Data (IACDT=1)

Accident Probability (ACTA):
Unit of Probability for ACTA (PBUNIT)
Physical Release Height (HS):

Ground Contamination Cleanup Dose Criterion(PAG) :

Hazard Limit for Selecting Radionuclides (HZLM):

Flag for Level of Conservatism in Health Risk Calc. (IBOUND):
Flag for Level of Medical Treatments (ITREAT):

Initial Resuspension Factor (SUFI):
Final Resuspension Factor, (SUFF):
Number of Years for Calculating Dose Commitment (YEVD):
Flag for accident scenaric input (IYOURS):
(-1 :input your own accident parameters;
0 : use all NRC Model Study response regions;
i : use ith NRC Model Study response region)

"F1" for HELP, “E to IGNORE CHANGES, "F10" ’E_DATA AND CONTINUE
'~ I S AR 2 ok : i CHE
o FIGURE G.5 Main Input Screen of RISKIND System, Category 4 .
P
o
RISKIND: Computer Modules for Spent Fuel Transport Risk Assessment {M014b)
Accidental external dose multiplication factor due to loss
of shielding, expressed in multiples of TI (SEXT):
. (IACDT=1)
Accident
- Response
Region
LN
Gamma
) Neutron
. Accident

Response
Region

Gamma
Neutron

r "F2" for HELP, or "Esc" to IGNORE

FIGURE G.6 Additional Input Screen of RISKIND System, Category 4
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RISKIND: Computer Code for Transportation Risk Assessment

(MO14s)

Accident Scenario Input Parameters (IYOURS = -1)

Cask Velocity (0 - 150) (VCASK):

Flame Temperature (1400 - 24000) (TFLAME):

Fire Duration (0 - 8) (DFIRE):

Fire Location (truck:0 - 30, rail: 0 - 43) (FLOCA):

Impact Angle measured in degrees (0-90) (ALPHA):

Cask Orientation Angle measured in degrees (0-50) (BETA):

Object Hardness Index (IHARD):
1 - unyielding, 2 - medium, 3 - soft, 4 - very soft

" 740, miles/hr

"'1700. degree F

Press "F1" or "F2" for HELP, or "Esc" to IGNORE CHANGES and return to main menu.

Press "F10" to SAVE DATA AND

FIGURE G.7 Input Screen of RISKIND System, Category 4 for User-Defined Scenario

RISKIND: Computer Code for Transportation Risk Assessment

(M015)

Meteorological Data and Dispersion Calculational Parameters (IACDT=l)

Anameter Height (ANH):

Ambient Temperature (TABK):

Ground depostion velocity of particulates (VDEP):
Farmland depostion velocity of particulates (VDVEG):
Water Surface deposition Velocity (WDEP):
Meteorological Input Data Option (IYOURW):

1: Input your own wind speed and stability
0: User wind Frequency data set

BT
rAEET
T §
osTeL
b )

0

" to IGNORE CHANGES, "F10" to SAVE DATA AND CONTINUE

FIGURE G.8 Input Screen of RISKIND System, Category &6
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RISKIND: Computer Code for Transportation Risk Assessment (M0151)

Meteorological Data and Dispersion Calculational Parameters (IYOURW=1)

This screen is for entering a specific weather profile

Mixing Height (DMIX):

Pasquill atmospheric stability category (ITYPE):

Rain fall rate (RAIN):

Wind Speed measured at anemometer height (WSM):

m/s

é%l" for HELP, "Esc" to IGNORE CHANGES, "F10" to SAVE DATA AND CONTINUE

FIGURE G.9 Additional Input Screen of RISKIND System, Category &

RISKIND: Computer Code for Transportation Risk Assessment (M0150)

Meteorological Data and Dispersion Calculational Parameters (IYOURW=0)

Morning Mixing height (AMIX):
Afternoon Mixing Height (PMIX):
Input option of wind frequency data (IMET)

Percent (0)/ Fraction (1) flag (IFREQ):

Average wind speed for the 6 wind categories (WS):
FTOE IR

Wind Frequency File Name (for FREQ/DFREQ):

FIGURE G.10 Additional Input Screen of RISKIND System, Category 5
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RISKIND: Computer Modules for Spent Fuel Transport Risk Assessment

(MO15B)

Wind Frequencies (Wind Speed vs. Pasquill-Gifford Stability Class
(IYOURW=0, and IMET=1)
3

OZHE

oo
G278

ommyn

NOTE: No Wind Direction Dependency for DFREQ

Press "F10" to SAVE DATA AND CONTINUE

FIGURE G.11 Additional Input Screen of RISKIND System, Category 6

Computer Code for Transportation Risk Assessment (M016)

Individual Receptor location Related Parameters (IADD>0)

Label of the Receptor up to 20 Characters (XNAME): T4
Flag of In/Outdoor Exposure during accident (INDR):
1=indoor, O=outdoor
Flag of Water Pathway Indicator (IWATER): O=no water, l=water
Flag for Food Pathway (IDFOOD):0= no food ,1=include food

Pathway indicator (IRTP): 1=all pathways, 2=acute exposure
Type of shelter (ISHLT):

Duration of External Ground Exposure during and following

Accident Phase (TEXT):
Duration of Stop (TSTP):

long Term Occupancy factor (OCUPF): INDOOR:
OUTDOOR:

Receptor Coordinates, (XRECEP): Downwind:
Crosswind:
Elevation:

nF6T Yo go to,

FIGURE G.12 Input Screen of RISKIND System, Category 6
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Computer Code for Transportation Risk Assessment (M016B)

Population Water Body Location Related Parameters (IPWATR>0)

Label of the Receptor up to 20 Characters (XNAME): Default Water Body 1

Receptor Coordinates, (XRECEP): Downwind:
Crosswind:
Elevation:

Number of People consuming water (POPW):

Mixing Depth of Contaminated Water Body (WBDYD):

Water body exchange rate (WEXCG):

Cross Wind Width of Contaminated Water Body (WBDYW):

Press "F5" to go to next receptor; "F€" to go to previous receptor

"F1"® f " to IGNORE CHANGES, "F10"™ to SAVE DATA AND CONTINUE

FIGURE G.13 Additional Input Screen of RISKIND System, Category 6

Computer Code for Transportationrkisk Assessment (M017)

Population Information (IADD=0)

Population Zone Downwind Minimum Distance, km (XP2(1)):
Population Zone Downwind Maximum Distance, km (XPZ(2)):
Population Density (persons/km*#2) (POPD):

onlink Population (persons/km*#2) (PLNK):

Duration of exposure during accident phase

Number of People in each vehicle (PIVH):

3
Fraction of Population indoor during accident (RFIE):

Average Occupancy factors: Indoor: %

"F1" or “F2" for HELP, "Esc" to IGNORE CHANGES,
e

FIGURE G.14 Input Screen of RISKIND System, Category 7
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Computer Code for Transportation Risk Assessment (M017b)

Population Information - Stops (IRUTIN=1)

Number of Stop Types (NSTY):

Stop Number of Population Duration Number of
Number Stops Exposure of Persons
Zone Exposure
(hr)

HO®BJOAUN WM

FIGURE G.15 Additional Input Screen of RISKIND System, Category 7

Computer Code for Transportation Risk Assessment (M018)

Population Information - Ingestion (IACDT=1)

Population Food Pathway Flag (IPFOD):
Farm land fraction (FARM):
Farm land Productivity:

Meat (GMEAT): kg/km2

Milk (GMILK): L/km2
Crop (GVEGE): kg/km2

Number of water body location (IPWATR):

FIGURE G.16 Input Screen of RISKIND System, Category 8
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RISKIND: Computer Code for Transportation Risk Assessment (M019)

Long Term Exposure Data (IACDT=1)

Initially Contaminated Foodstuff Disposal Flag (IACFOD):

Radionuclide removal half life from soil yr (PHALF):

Resuspension factor decay half life yr (RSALF):

Fraction of contaminated food consumed for Individual
Meat 71,0 Milk: ... 1.0 Vegetation:

Average Individual Consumption

Meat 2 Milk:
Maximum Ind o XIN:

Meat i 0.8 Vegetation:
Individual drinking water intake (L/d) XINW:
Human Consumed Vegetation Decontamination Factor (DFACT):
Grazing Factor (FG):
Efficiency of treatment used for contaminated water (TREATM):

(0<=TREATM<=1 ; No Treatment = 0)

Press "F1" or "F2" for HELP, or "Esc" to IGNORE CHANGES and return to main menu.
Press "F10" to SAVE DATA

FIGURE G.17 Input Screen of RISKIND System, Category 9

RISKIND: Computer Code for Transportation Risk Assessment (M020)

output Options

Flags for Output Print Options (JC): _ short form:;
1. Summarized Calculational Results: L )
2. Detailed Calculational Results:

If IACDT=1 Input the Following:
Graphic Output File Name (NGRF):
Graphic Output Heading (HEADING):
Output File Name (OUTFIL):

"F1% or "F2* for HELP, "F10" to SAVE DATA AND CONTINUE

FIGURE G.18 Input Screen of RISKIND System, Category 10
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APPENDIX H:

SAMPLE PROBLEMS

The use of RISKIND is illustrated in this appendix through two sample problems.
A sample problem for incident-free dose calculation is presented in Sections H.1 through H.3.
A sample problem for dose calculation under accident conditions is presented in Sections H.4
through H.6. In both problems, four receptor descriptions are used to indicate the locations
of individuals: nearest resident (50 m), nearest gas station (30 m), nearest school (150 m),
and nearest shopping mall (100 m). Descriptions of the input parameters used in RISKIND
are provided in Appendix G.

H.1 SAMPLE PROBLEM ONE: INCIDENT-FREE CONDITIONS

The first sample problem considers incident-free transportation of spent nuclear fuel
along an interstate highway in Maryland. The four receptor locations are those described
above. The sample problem input list is given in Section H.2. The shipping cask is assumed
to be a GA-4 truck cask, and the spent fuel is assumed to be 10 years old, with a transport
index (TI) of 14. The radiation field is 83% gamma and 17% neutron in dose. Two modes of
exposure are evaluated: one is for a stop with an exposure time of one hour, and the other

is for a passing truck.

The sample problem output list is given in Section H.3. The output reflects the input
parameters and represents the calculated doses for the four receptors for the two modes of

exposure.
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H.2 INPUT DATA FOR SAMPLE PROBLEM ONE: INCIDENT-FREE CONDITIONS

&INDATA

FRAD = .83 , .17 , HSIZE = 4.77 ,

GROUPN =’'TRUCK-INTERSTATE’,

IACDT = 0 , IADD = 4 ,

IMOD = 1 ,

INDR = 4*0, 6*0,

IRDTY = 1 , IRUTIN = 1 ,

ISTATE = 18 ,

IZONE = 2 ,

JC = 0, O,

OUTFIL =’SAMPLEl.OUT’ ,

RSIZE = 0.5048, RTYPE ='PWR’,

SPEED =-1 , STATEN =’MARYLAND',

TFUEL = 10 ,

TIDX = 14 , TITLE =’TRUCK GA-4 INCIDENT FREE CASE’,

TSTP = 4*1, 6*0,

INAME = ’‘Nearest Resident’,
‘Nearest Gas Station’,
’Nearest School’,
’Nearest Shopping Mall’,

XRECEP = .05, 2%0,

.03, 2%*0,

.15, 2*0,

.10, 2+*0,
&END
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H.3 OUTPUT DATA FOR SAMPLE PROBLEM ONE: INCIDENT-FREE

CONDITIONS

littttt..tiiii'i'i"*"..ii"***ii."."'it'*ii"it"i't!"...t't..t’t'iiiiii'i**

TRUCK GA-4d INCIDENT FREE CASE 02/15/93
RISKIND: OCRWM (2/93) File: samplel.inp
BACKGROUND POPULATION INFORMATION :
POLULATION ZONE = SUBURBAN
AVERAGE TRAVEL SPEED (KM/HR) = 4.00E401

INDIVIDUAL RECEPTORS & MISCELLANEOUS INPUT DATA

e RECEPTOR LOCATION DATA : 4 LOCATIONS THIS RUN
I LOCATION NAMES X(KM) Y (KM) Z(M) DIST(KM)
1 Nearest Resident 0.050 0.000 0.000 0.050
2 Nearest Gas Station 0.030 0.000 0.000 0.030
3 Nearest School 0.150 0.000 0.000 0.150
4 Nearest Shopping Mal 0.100 0.000 0.000 0.100

01:07 PAGE 1

Wi w

bR AR AL A AL AL AR AR S AR AR AR A Al Al ARl il sl Rl sl Rl d ittt dl Al

TRUCK GA-4 INCIDENT FREE CASE 02/15/93
RISKIND: OCRWM (2/93) File: samplel.inp
CASK SIZE : RADIUS(M) = 5.05E-01
LENGTH(M) = 4.77E+00
FRACTION GAMMA SOURCE = 0.83
FRACTION NEUTRON SOURCE = 0.17
TRANSPORTATION INDEX = 14.00

RECEPTOR ROUTINE DOSE FROM EACH SEIPMENT

DURING
STOP
I LOCATION NAMES DISTANCE (M) HOUR REM
1l Nearest Resident 50.0 1.0 2.15K-05
2 Nearest Gas Station 30.0 1.0 6.55E-05
3 Nearest School 150.0 1.0 1.38E-06
4 Nearest Shopping Mal 100.0 1.0 4.07R-06

01:07 PAGE 2

6.27E-08
1.26E-07
1.02E-08
2.15E-08
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H.4 SAMPLE PROBLEM TWO: ACCIDENT CONDITIONS

The second sample problem considers accident conditions during transport. The four
receptor locations are the same as those in the first sample problem. The sample problem
input list is given in Section H.5. In this problem, individual doses (consequences) are to be
calculated from accident conditions. The spent fuel is assumed to be pressurized-water
reactor (PWR) fuel, with a burnup of 33,000 megawatt-days per metric ton of initial heavy
metal (MWI/MTIHM) and a 10-year cooling period. Only short-term exposures from plume
passage (ITRP=2) are assumed.

The sample problem output list is given in Section H.6; this output also includes the
input parameters and calculated doses for the four receptors. The accident probability is 1.0
because the consequences, not the risk, are calculated. Following the input data is a list of
radionuclides that have been screened and selected according to their importance (radiological
hazard) and total inventory (in curies) in the cask. This information is followed by the
release fractions, as specified in the modal study of the U.S. Nuclear Regulatory Commission
(Lawrence Livermore National Laboratory [LLNL] 1987), and the actual release amount in

curies, corresponding to the 20 cask response regions.

The consequences are then presented for each of the 20 cask response regions for
which the input accident conditions are repeated. A summary of the calculated consequences
for the 50-year committed effective dose equivalent and the probability of early fatalities is
also presented. This information is repeated for the 20 cask response regions. The last
output item is the total summary of the individual risks weighted by the conditional accident
probabilities over the 20 cask response regions. Figure H.1 shows the dose versus accident
conditional probabilities for the four receptor locations; all dose values in the figures are
calculated on the basis of the reasonably worse meteorclogical conditions or 95% probability

weather conditions.
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H.5 INPUT DATA FOR SAMPLE PROBLEM TWO:

&INDATA

ACTA = 1 , AMIX = 600., ANH = 10 , BURNUP = 33000

CAREA = 40. , DMIX = 1000.,
DFREQ =
0.0015, 0.0030, 0.0000, 0.0000, 0.0000, 0.0000,
0.0129, 0.0235, 0.0147, 0.0000, 0.0000, 0.0000,
0.0082, 0.0317, 0.0612, 0.0112, 0.0005, 0.0000,
0.0369, 0.1016, 0.1647, 0.1493, 0.0299, 0.0067,
0.0000, 0.0881, 0.0547, 0.0000, 0.0000, 0.0000,
0.0850, 0.1147, 0.0000, 0.0000, 0.0000, 0.0000,
FRAD = .83 , .17 ,
GROUPN =’TRUCK-INTERSTATE’,
HS = 1 , HSIZE = 4.77 , HZLM = 0.01,
IACDT = 1 , IACFOD = 0 , IADD = 4 ,
IFREQ = 1, IMET = 1, IMOD = 1 ,
INDR = 4*0, 6*0, IRTP = 2,2,2,2,6%0,
IRDTY = 1 , IRUTIN = 0 ,
ISTATE = 18 , ITREAT = 1 ,
IWATER = 4*0, IYOURS = 0, IYOURW = O,
IZONE = 2 ,
JC = 0, O,
OUTFIL ='SAMPLE2.0UT’ , PBUNIT =’1/YR’,
NGRF =’'TRAP.GRF’,
HEADING='INDIVIDUAL RISKS: TRUCK ', NHEAD=24,
PMIX = 1500., RAIN = 0 , RSIZE = 0.5048 ,
RTYPE =’PWR’,
SEXT = 40*1,
SPEED =-1 , STATEN ='MARYLAND’, TABK = 293 ,
TEXT = 5*2,
TFUEL = 10 ,
TIDX = 14 , TITLE =’TRUCK ACCIDENT CASE’,
TSTP = 4*1, 6*0,
TYPCSK = ' GA-4 TRUCK CASK’,
INAME = ’Nearest Resident’,
"Nearest Gas Station’,
"Nearest School’,
'Nearest Shopping Mall’,
XRECEP = .05, 2+%0,
.03, 2%0,
.15, a*o,
.10, 2%0,
UMT = 1.69, YEVD = 50 ,
CACTD = 3.74, VDEP=.005, WDEP=.01,
&END

ACCIDENT CONDITIONS

’
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H.6 OUTPUT DATA FOR SAMPLE PROBLEM TWO: ACCIDENT CONDITIONS

bR AL AAA AR A AL LRSSl ARl

TRUCK ACCIDENT CASE
RISKIND: OCRWM (2/93)

1222222222222 222222222222 22222 R ad i il lisllllslld)

02/26/93 10:52 PAGE 1
FPile: RISKIND.INP

BACKGROUND POPULATION INFORMATION :

POLULATION ZONE =

SUBURBAN

AVERAGE TRAVEL SPEED (KM/HR) = 4.00E+01

INDIVIDUAL RECEPTORS & MISCELLANEOUS INPUT DATA

el RECEPTOR LOCATION DATA : 4 LOCATIONS THIS RUN **¢

I LOCATION NAMES

1l Nearest Resident

2 Nearest Gas Station
3 Nearest School

4 Nearest Shopping Mal

X (KM) Y (KM) Z (M) DIST (KM)

0.150 0.000 0.000 0.150
0.100 0.000 0.000 0.100

ACCIDENT DATA FROM STATE OF MD .

ACCIDENT PROBABILITY (1/KM) = 1.00E+00
INDIVIDUAL DRINKING WATER INTAKE (L/DAY) = 1,.00E+00
ALL INITIALLY CONTAMINATED POOD STUFFS ARE DISCARDED

ANNUAL FREQUENCE OF OCCURENCE -- SUM OF ALL WIND DIRECTIONS

STABILITY 0.67 2.4

1 0.0015 0.00
2 0.0129 0.02
3 0.0082 0.03
4 0.0369 0.10
5 0.0000 0.08
6

SPEED, M/S

6 4.47 6.93 9.61 12.52 TOTAL
30 0.0000 0.0000 0.0000 0.0000 0.0045
35 0.0147 0.0000 0.0000 0.0000 0.0511
17 0.0612 0.0112 0.0005 0.0000 0.1128
1¢ 0.1647 0.1493 0.0299 0.0067 0.4891
8l 0.0547 0.0000 0.0000 0.0000 0.1428

0.0850 0.1147 0.0000 0.0000 0.0000 0.0000 0.1957

TOTAL 0.1445 0.362¢ 0.2953 0.1605 0.0304 0.0067 1.0000
TRANSPORTATION MODE = TRUCK
Cask Type = GA-4 TRUCK
Reactor Type = PWR
Fuel Burnup = 33000.0 MWD
Spent Puel Storage Time = 10.0 years
MTU per Shipment = 1.69

Radionuclide Inventory Per Metric Ton of Uranium

Total Isotopes = 205
Total Curies = 3.91E+05
CRUD INFORMATION:

CASK Void Volume = 0.2 m3

CASK Cavity Surface Area = 40.0 m2

CO-60 Activity Density at Discharge = 3.7 micro Ci/om2
CO0-60 Activity in Cask at Discharge = 1.5 ci

CO-60 Activity in Cask during Transport = 0.4 ci
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02/26/93

Pile: RISKIND.INP

P Y YT IS 2222222222 22 2 2 8 0 A 0K

10:52

PAGE 2

PRACTION RELEASED AND ALSO DISPERSED POR EACH RESPONSE REGION

RISKIND: OCRWM
NUCLIDE

TYPE

1

PART . 0.E+00
RU 0.E+00
cs 0.2+00
IODINE 0.E+00
GAS 0.E+00
CRUD 0.E+00
PROB

1.E+00 1.E+00

RESPONSE REGION

1.E+00

2.E-04
2.B-03 4.E-02
3.E-02 3.E-01

1.E+00 1.E+00 1.E+00

2.E-01

1.E+00

PRACTION RELEASED AND ALSO DISPERSED FOR EACH RESPONSE REGION

NUCLIDE
TYPE
1

PART. 2.E-06
RU 3.2-05
cs 2.E-04
JODINE 2.E-03
GAS 3.-01
CRUD 1.E+00

PROB

12 13

2.2-05 2.E-06
3,-04 5.KE-05
2.E-03 2.B-04
4.8-02 4.E-03
6.E-01 4.X-01
1.E+00 2.E-01

RESPONSE REGION

14

2.X-06
5.E-05
2.K-04
4.E-03
4.B-01
1.B+00

15

2.E-06
5.K-05
2.E-04
4.E-03
4.8-01
1.E+00

16 17 le

2.E-05 2.E-05 2.E-05
5.E-04 5.E-04 5.E-04
2.k-03 2.E-03 2.E-03
4.E-02 4.E-02 4.E-02
6.X-01 6.E-01 6.E-01
1.E+00 2.X-01 1.B+00

19

2.E-05
5.E-04
2.%-03
4.E-02
6.E-01
1.E+00

20

2.E-05
S.E-04
2.E-03
4.E-02
6.E-01
1.B+00

2.2-07 1.E-14 2.E-05 2.E-07 1.E-07 8.E-16 1.E-05 7.2-08 5.X-08 1.E-16



r ?
“a -

08

3

05

161

ll‘".i.'.ttﬁﬁ.iiﬁiiittt'iﬁ*"'tt"i."'*"titt"lQ-'Q"*tt.iﬂi.'*"i‘iﬁi"titt'ﬂtt

TRUCK ACCIDENT CASE 02/26/93 10:52 PAGE 3
RISKIND: OCRWM (2/93) File: RISKIND.INP

EXTERNAL DOSE RATE MULTIPLIER FOR EACH ACCIDENT RESPONSE REGION
(MOLTIPLIER OF TI)
TYPE RESPONSE REGION
1 2 3 4 5 6 7 8 9 10

EXTERNAL DOSE RATE MULTIPLIER FOR EACH ACCIDENT RESPONSE REGION
(MULTIPLIER OF TI)

TYPE RESPONSE REGION
11 12 13 4 15 16 17 18 15 20

GAMMA 1.00 1.00 1.00 1.00 l1.00 1.00 1.00 1.00 1.00 1.00
NUTRN 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
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TRUCK ACCIDENT CASE

RISKIND: OCRWM (2/93) File: RISKIND.INP

ACCIDENT RESPONSE REGION
STRUCTURE RESPONSE WITHIN
TEMPERATURE LEVEL WITHIN
ACCIDENT SCENARIO PROBABILITY (1/YR ) =

&&k&&&&SE NO ACCIDENT RELEASES &&k&&&&é&

02/26/93 10:52

1

0.20 PERCENT STRAINS
500. DEGREE F
9.94E-01

PAGE

4
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TRUCK ACCIDENT CASE 02/26/93 10:52 PAGE 5
RISKIND: OCRWM (2/93) Pile: RISKIND.INP

SUMMARY OF RECEPTOR POTENTIAL DOSE CONSEQUENCES
FATALITY AND GENETIC RISKS

I LOCATION NAMES ACUTE LONG TERM

EDE CHANCE EDE CHANCE

REM PATALITY REM FATALITY GENETIC.E
1 Nearest Resident 0.00BE+00 O0.00E+00 O0.00E+00 O.00E+00 O0.00E+00
2 Nearest Gas Station 0.00B+00 O0.00E+00 O0.00E+00 O0.00E+00 O0.00E+00
3 Nearest School 0.00E+00 O0.00E+00 O0.00E+00 O0.00E+00 O0.00E+00
4

Nearest Shopping Mal 0.00E+00 0.00B+00 0.00B+00 O0.00E+00 O0.00E+00
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TRUCK ACCIDENT CASE 02/26/93 10:52 PAGE 6
RISKIND: OCRWM (2/93) Pile: RISKIND.INP

ACCIDENT RESPONSE REGION 2

STRUCTURE RESPONSE WITHIN 2.00 PERCENT STRAINS
TEMPERATURE LEVEL WITHIN 500. DEGREE F
ACCIDENT SCENARIO PROBABILITY (1/YR ) = 3.82E-03

3 2

0

3

I~

NUCLIDE DCAY(1/YR) CURIE RELATIVE HAZARD

ACUTE INGESTION G.SHINE
CC 60 1.30E-01 3.58E+03 7.15E-02 1.33E-02 1.47E-01
KR 85 6.50E-02 8.20E+03 2.10E-02 0.00E+00 0.00E+00
SR 90 2.40E-02 9.67E+04 2.01E-02 1.31E-02 0.00E+00
cs 134 3.40E-01 8.82E+03 6.58E-03 1.10E-02 1.79E-02
cs 137 2.30E-02 1.39E+05 7.11E-02 9.60E-01 8.35E-01
PU 238 7.90E-03 3.94E+03 2.45E-01 1.95E-04 4.71E-07
PU 239 2.90E-05 5.29E+02 3.61E-02 3.43E-05 3.30E-08
PU 240 1.10E-04 8.91E+02 6.07E-02 5.76E-05 1.20E-07
PU 241 4.80E-02 1.31E+05 1.72E-01 7.03E-05 0.00E+00
AM 241 1.60E-03 2.86E+03 2.02E-01 1.86E-04 1.34E-05
CM 244 3.80E-02 2.23E+03 8.79E-02 4.13E-04 1.51E-07
TOTAL 9.94E-01 9.98E-01 9.95E-01
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TRUCK ACCIDENT CASE 02/26/93 10:52 PAGE 7

RISKIND: OCRWM (2/93) File: RISKIND.INP
NUCLIDE INVENTORY (C1) FRAC-REL Ci-REL
CoO 60 3.58E+03 1.14E-04 4.10E-01
KR 85 8.20E+03 3.30E-02 2.71E+02
SR 90 9.67E+04 2.00E-07 1.94E-02
Cs 134 8.82E+03 2.00E-05 1.77E-01
Ccs 137 1.39E+05 2.00E-05 2.78E+00
PU 238 3.94E+03 2.00E-07 7.90E-04
PU 239 5.29E+02 2.00E-07 1.06E-04
PU 240 8.91E+02 2.00E-07 1.79E-04
PU 241 1.31E+05 2.00E-07 2.63E-02
AM 241 2.86E+03 2.00E-07 5.73E-04
cM 244 2.23E+03 2,00E-07 4.47E-04

DISPERSION CALCULATION PARAMETERS:

PHYSICAL RELEASE HEIGHT = 1.00 (M)
SOURCE EFFECTIVE SIZE = 2.1% (M)
ANAMETER HEIGHT = 10.00 (M)
AMBIENT TEMPERATURE = 293.00 (K)
DRY DEPOSITION VELOCITY = 0.005 (M/S)
DEPOSITION VEL OVER WATER = 0.010 (M/8)
DEPOSITION VEL OVER VEGETATION = 0.010 (M/8)

SUMMARY OF POTENTIAL DOSE CONSEQUENCES

I LOCATION ACUTE EDE TOTAL EDE
REN REN
WEATHER PERCENTILE 50% 95% 50% 95%
1 Nearest Resident 1.56E+00 3.69E+00 1.56E+00 3.89E+00
2 Nearest Gas Station 3.09E+00 5.22E+00 3.09E+00 5.22E+00
3 Nearest School 4.44E-01 7.71E-01 4.44F-01 7.71E-01
4 Nearest Shopping Mal 6.02E-01 1.51E+00 6.02E-01 1.51E+00

SUMMARY OF POTENTIAL HEALTH CONSEQUENCES

I LOCATION ACUTE LATENT GENETIC
FATALITY PATALITY EFFECT
(WEATHER PERCENTILE) 50% $5% 50% 95% 50% 95%
1 Nearest Resident 0.00E+00 0.00E+00 1.25E-03 3.11E-03 3.12EKE-04 7.78E-04
2 Nearest Gas Station 0.00E+00 0.00E+00 2.47E-03 4.18E-03 6.18E-04 1.04E-03
3 Nearest School 0.00E+00 0.00E+00 3.55B-04 6.17E-04 0.99E-05 1.54E-04

4 Nearest Shopping Mal 0.00E+00 0.00E+00 4.82E-04 1.21E-03 1.20K-04 3.01E-04
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TRUCK ACCIDENT CASE
RISKIND: OCRWM (2/93)

ACCIDENT RESPONSE REGION

FPile: RISKIND.INP

STRUCTURE RESPONSE WITHIN

TEMPERATURE LEVEL WITEIN

NUCLIDE

DCAY(1/YR)

CURIE

3

02/26/93

10:52 PAGE 8

30.00 PERCENT STRAINS
500. DEGREE F
ACCIDENT SCENARIO PROBABILITY (1/YR ) = 1.80E-03

ACUTE

RELATIVE HAZARD

INGESTION

G.SHINE

1.30E-01
6.50E-02
2.40E-02
3.40E-01
2.30E-02
7.90E-03
2.90E-05
1.10E-04
4.80E-02
1.60E-03
3.80E-02

3.58E+03
8.20E+03
9.67E+04
8.82E+03
1.39E+05
3.94E+03
5.29E+02
8.91E+02
1.31E+05
2.96E+03
2.23E+03

7.76E-03
2.24K-02
2.15E-02
7.03E-03
7.60E~02
2.62E-01
3.85E-02
6.49E-02
1.84E-01
2.15E-01
9.39K-02

1.36E-03
0.00E+00
1.33E-02
1.12E-02
9.72E-01
1.97E-04
3.47E-05
5.83E-05
7.12E-05
1.88E-04
4.18E-04

9.93E-01

9.98E-01

$.99E-01
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TRUCK ACCIDENT CASE 02/26/93 10:52 PAGE 9

RISKIND: OCRWM (2/93) FPile: RISKIND.INP
NUCLIDE INVENTORY (Ci) FRAC-REL Ci-REL
co 60 3.58E+03 1.16E-04 4.16E-01
KR 85 8.20E+03 3.30E-01 2.71E+03
SR 90 9.67E+04 2.00E-06 1.94E-01
cs 134 8.82E+03 2.00E-04 1.77E+00
cs 137 1.39E+05 2.00E-04 2.78E+01
PU 238 3.94E+03 2.00E-06 7.90E-03
PU 239 5.29E+02 2.00E-06 1.06E-03
PU 240 8.91E+02 2.00E-06 1.79E-03
PU 241 1.31E+05 2.00E-06 2.63E-01
AM 241 2,86E+03 2.00E-06 5.73E-03
CH 244 2.23E+03 2.00E-06 4.47B-03

SUMMARY OF POTENTIAL DOSE CONSEQUENCES

I LOCATION ACUTE EDE TOTAL EDE
REM REM
- WEATHER PERCENTILE 50% 95% 50% 95%
1 Nearest Resident 1.46E+01 3.64E+01 1.46E+01 3.64E+01
Ll 2 Nearest Gas Station 2.89E+01 4£.85E+01 2.89E+01 4.89E+01
3 Nearest School 4d.16E+00 7.22E+00 4.16E+00 7.22E+00
o 4 Nearest Shopping Mal 5.63E+00 1.41E+01 5.63E+00 1.41E+01
Q
SUMMARY OF POTENTIAL HEALTH CONSEQUENCES
I LOCATION ACUTE LATENT GENETIC
FATALITY PATALITY EFFECT
(WEATHER PEXRCENTILE) 50% 95% 50% 95% " 50% 95%
M eecemmee- - e e - e e
1 Nearest Resident 0.00E+00 0.00E+00 1.17E-02 2.91E-02 2.92E-03 7.28E-03
— 2 Nearest Gas Station 0.00E+00 0.00E+00 2.31E-02 3.91E-02 5.78E-03 9.78E-03
3 Nearest School 0.00R+00 0.00E+00 3.33E-03 5.77E-03 8.32E-04 1.44E-03
LN 4 Nearest shopping Mal 0.00E+00 0.00E+00 4. 51!-03 1.13E-02 1.13E-03 2.82E~03
o



e Y

3
3

0

ltttttﬁl‘tttt

ii.ﬁiiiti*.'tttititiiiii**ltttt'i'i**ttttitti..'i**'***ittt'titt'ittI'

TRUCK ACCIDENT CASE
RISKIND: OCRWM (2/93)

ACCIDENT RESPONSE REGION

168

File: RISKIND.INP

STRUCTURE RESPONSE EXCEED

TEMPERATURE LEVEL WITHIN

ACCIDENT SCENARIO PROBABILITY (1/YR ) =

NUCLIDE

DCAY(1/YR)

1.60E-03

9.67E+04 2.20E-02
8.82E+03 7.21E-03
1.39E+05 7.80E-02
3.94E+03 2.69E-01
5.29E+02 3.95E-02
8.91E+02 6.66E-02
1.31E+05 1.88E-01
2.86E+03 2.21E-01
2.23E+03 9.64E-02

9.88E-01

02/26/93 10:

4

30.00 PERCENT ST
500. DEGREE F
1.53E-07

RELATIVE HAZARD
INGESTION

1.88E-04
4.18E-04

9.98E-01

52 PAGE

RAINS

0.00E+00
2.09E-02
9.76E-01
5.51E-07
3.86E-08
1.41E-07
0.00E+00
1.56E-05
1.77E-07

9.97E-01

10
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TRUCK ACCIDENT CASE 02/26/93 10:52 PAGE 11

RISKIND: OCRWM (2/93) File: RISKIND.INP
NUCLIDE INVENTORY (Ci) FRAC-REL Ci-REL
SR 90 9.67E+04 2,00E-05 1.94E+00
Cs 134 8.82E+03 2.00E-03 1.77E+01
Cs 137 1.39E+05 2.00E-03 2.79E+02
PU 238 3.94E+03 2.00E-05 7.92E-02
PU 239 5.29E+02 2.00E-05 1.06E-02
PU 240 8.91E+02 2.00E-05 1.79E-02
PU 241 1.31E+05 2.00E-05 2.64E+00
AM 241 2.86E+03 2.00E-05 5.74E-02
CM 244 2.23E+03 2.00E-05 4.49E-02

SUMMARY OF POTENTIAL DOSE CONSEQUENCES

I LOCATION ACUTE EDE TOTAL EDE
REM REM
WEATHER PERCENTILE 50% 95% 50% 95%
1l Nearest Resident 1.42B+402 3.54E+02 1.42E+02 3.54E+02
2 Nearest Gas Station 2.81E+02 4.75K+02 2.81E+02 4.75E+02
3 Nearest School 4.03E+01 7.00E+01 4.03E+01 7.00E+01
4 Nearest Shopping Mal 5.47E+01 1.37E+02 5.47E+01 1.37E+02

SUMMARY OF POTENTIAL HEALTH CONSEQUENCES

I LOCATION ACUTE LATENT GENETIC
FATALITY PATALITY EFFECT
(WEATHER PERCENTILE) 50% 95% 50% 95% 50% 95%
1l Nearest Resident 0.00E+00 0.00E+00 1.13E-01 2.83K-01 2.84E-02 7.07E-02
2 Nearest Gas Station 0.00E+00 0.00E+00 2.25E-01 3.80E-01 5.62E-02 9.50E-02
3 Nearest School 0.00E+00 0.00R+00 3.23E-02 5.60E-02 8.07E-03 1.40E-02

4 Nearest Shopping Mal 0.00E+00 0.00E+00 4.38E-02 1.09E-01 1.09E-02 2.74E-02
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TRUCK ACCIDENT CASE
RISKIND: OCRWM (2/93)

ACCIDENT RESPONSE REGION

170

File: RISKIND.INP

STRUCTURE RESPONSE WITHIN

TEMPERATURE LEVEL WITHIN
ACCIDENT SCENARIO PROBABILITY (1/YR

NUCLIDE

CM 244

DCAY(1/YR)

1.30E-01
6.50E-02
2,.40E-02
3.40E-01
2.30E-02
7.90E-03
2.90E-05
1.10E-04
4.80E-02
1.60E-03
3.80E-02

3.58B+03
8.20E+03
9.67E+04
8.82E+03
1.39E+05
3.94E+03
5.298+02
8.91K+02
1.31E+05
2.86E+03
2.23E+03

TOTAL

5

02/26/93

IYZ2 X2 E 22222200

10:52 PAGE 12

0.20 PERCENT STRAINS

60
) = 1.

0. DEGREE F
69E-05

INGESTION

RELATIVE HAZARD

9.93E-01

1.87E-04

9.98E-01

0.00E+00
1.44E-05
1.63EK-07
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TRUCK ACCIDENT CASE 02/26/93 10:52 PAGE 13

RISKIND: OCRWM (2/93) Pile: RISKIND.INP
NUCLIDE INVENTORY (Ci) FRAC-REL Ci-REL
co 60 3.58E+03 1.71E-05 6.15E~02
KR 85 8.20E+03 9.90E-03 8.14E+01
SR 90 9.67E+04 6.00E-08 5.82E-03
Ccs 134 8.82E+03 6.00E-06 5.31E-02
cs 137 1.39E+05 6.00E-06 8.35E-01
PU 238 3.94E+03 6.00E-08 2.37E-04
PU 239 5.29E+02 6.00E-08 3.18E-05
PU 240 8.91E+02 6.00E-08 5.36E-05
PU 241 1.31E+05 6.00E-08 7.89E-03
AM 241 2.86E+03 6.00E-08 1.72E-04
CM 244 2.23E+03 6.00E-08 1.34E-04

SUMMARY OF POTENTIAL DOSE CONSEQUENCES

I LOCATION ACUTE EDE TOTAL EDE
REM REM
WEATHER PERCENTILE 50% 95% 50% 95%
1l Nearest Resident 1.24E-02 7.89E-02 1.24E-02 7.85E-02
2 Nearest Gas Station 4.50E-03 6.32B-02 4.50E-03 6.32BE-02 .
3 Nearest School 3.18E-02 4.92E-02 3.18E-02 4.92B-02 )
4 Nearest Shopping Mal 2.93E-02 6.52E-02 2.93E-02 6.52E-02

SUMMARY OF POTENTIAL HEALTH CONSEQUENCES

I LOCATION ACUTE LATENT GENETIC
FATALITY PATALITY EFFECT
(WEATHER PERCENTILE) 50% 95% 50% 95% 50% 95%
1 Nearest Resident 0.00E+00 0.00E+00 9.91E-06 €6.31E-05 2.48E-06 1.58E-05
2 Nearest Gas Station 0.00E+00 0.00B+00 3.60E-06 5.06E-05 9.00E-07 1.26E-05
3 Nearest School 0.00E+00 0.00E+00 2.54E-05 3.94K-05 6.35E-06 5.85E-06

4 Nearest Shopping Mal 0.00E+00 0.00E+00 2.34E-05 5.22E-05 5.86E-06 1.30E-05
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TRUCK ACCIDENT CASE 02/26/93 10:53 PAGE 14
RISKIND: OCRWM (2/93) File: RISKIND.INP
ACCIDENT RESPONSE REGION 6
STRUCTURE RESPONSE WITHIN 2.00 PERCENT STRAINS
TEMPERATURE LEVEL WITHIN 600. DEGREE F

ACCIDENT SCENARIO PROBABILITY (1/YR ) = 2.33E-07

NUCLIDE DCAY(1/YR) CURIE RELATIVE HAZARD
ACUTE INGESTION G.SHINE
co 60 1.30E-01 3.58E+03 7.15E-02 1.33E-02 1.47E-01
KR 85 6.50E-02 8.20E+03 2.10E-02 0.00E+00 0.00E+00
SR 90 2.40E-02 9.67E+04 2.01E-02 1.31E-02 0.00E+00
cs 134 3.40E-01 8.82E+023 6.58E-03 1.10E-02 1.79E-02
cs 137 2.30E-02 1.39E+05 7.11E-02 9.60E-01 8.35E-01
PU 238 7.90E-03 3.94E+03 2.45E-01 1.95E-04 4.71E-07
PU 239 2.90E-05 5.29E+02 3.61E-02 3.43E-05 3.30E-08
PU 240 1.10E-04 8.91E+02 6.07E-02 5.76E-05 1.20E-07
PU 241 4.80E-02 1.31E+05 1.72E-01 7.03E-05 0.00E+00
AM 241 1.60B-03 2.86E+03 2.02E-01 1.86E-04 1.34E-05
CM 244 3.808-02 2.23E+03 8.79E-02 4.13E-04 1.51E-07
TOTAL 9.94E-01 9.98E-01 9.99E-01
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TRUCK ACCIDENT CASE 02/26/93 10:53 PAGE 15

RISKIND: OCRWM (2/93) File: RISKIND.INP
NUCLIDE INVENTORY (Ci) FRAC-REL Ci-REL
co 60 3.58E+03 1.14E-04 4.10E-01
KR 85 8.20E+03 3.30E-02 2.71E+02
SR 90 9.67E+04 2.00E-07 1.94E-02
¢s 134 8.82E+03 2.00E-05 1.77E-01
c8 137 1.39E+405 2.00E-05 2.78E+00
PU 238 3.94E+03 2.00E-07 7.90E-04
PU 239 5.29E+02 2.00E-07 1.06E-04
PU 240 8.91E+02 2.00E-07 1.79E-04
PU 241 1.31E+05 2.00E-07 2.63E-02
AM 241 2.86E+03 2.00E-07 5.73E-04
CM 244 2.23E+03 2.00E-07 4.47B-04

SUMMARY OF POTENTIAL DOSE CONSEQUENCES

I LOCATION ACUTE EDE TOTAL EDE
REM RENM
WEATHER PERCENTILE 50% 95% 50% 95%
1l Nearest Resident 4.20E-02 2.73E-01 4.26E-02 2.73E-01
2 Nearest Gas Station 1.56E-02 2.19E-01 1.56E-02 2.19E-01
3 Nearest School 1.10E-01 1.70E-01 1.10E-01 1.70E-01
4 Nearest Shopping Mal 1.01E-01 2.25E-01 1.01ER-01 2.25E-01

SUMMARY OF POTENTIAL HEALTH CONSEQUENCES

I LOCATION ACUTE LATENT GENETIC
FATALITY FATALITY EFFECT
(WEATHER PERCENTILE) 50% 95% 50% 95% 50% 95%
1 Nearest Resident 0.00E+00 0.00KE+00 3.42K-05 2.18E-04 8.56E-06 5.462-05
2 Nearest Gas Station 0.00E+00 0.00E+00 1.25E-05 1.75E-04 3.11E-06 4.37E-05
3 Nearest School 0.00E+00 0.00E+00 8.79E-05 1.36E-04 2.20E-05 3.40K-05

4 Nearest shopping Mal 0.00E+00 0.00E+00 8.11E-05 1.90E-04 2.03E-05 4.51E-05
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TRUCK ACCIDENT CASE
RISKIND: OCRWM (2/93)

02/26/93 10:53 PAGE 16

File: RISKIND.INP

ACCIDENT RESPONSE REGION
STRUCTURE RESPONSE WITHIN
TEMPERATURE LEVEL WITHIN
ACCIDENT SCENARIO PROBABILITY (1/YR ) = 1.57E-07

NUCLIDE

co 60
KR 85
SR S0
Ccs 134
cs 137
PU 238
PU 239
PU 240
PU 241
AM 241
CM 244

DCAY (1/YR)

1.30E-01
6.508-02
2.40E-02
3.40E-01
2.30E-02
7.90E-03
2.90E-05
1.10E-04
4.80E-02
1.60E-03
3.80E-02

3.58E+03
8.20E+03
9.67E+04
8.82E+03
1.39E+05
3.94E+03
5.298+02
8.91B+02
1.31E+05
2.86E+03
2.23E+03

7
30.00 PERCENT STRAINS

600. DEGREE P

RELATIVE HAZARD

ACUTE INGESTION

7.76E-03 1.36E-03
2.24E-02 0.00E+00
2.15E-02 1.33E-02
7.03E-03 1.12E-02
7.60E-02 9.72E-01
2.62E-01 1.97E-04
3.85E-02 3.47E-05
6.49E-02 5.83E-05
1.84E-01 7.12E-05
2.15E-01 1.88E-04
9.39E-02 4.19E-04

TOTAL

9.93E-01 9.98E-01
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TRUCK ACCIDENT CASE 02/26/93 10:53 PAGE 17

RISKIND: OCRWM (2/93) File: RISKIND.INP
NUCLIDE INVENTORY (Cl) FRAC-REL Ci-REL
coO 60 3.58E+03 1.16E-04 4.16E-01
KR 65 8.20E+03 3.30E-01 2.71E+03
SR 90 9.67E+04 2.00E-06 1.94E-01
Ccs 134 8.82E+03 2.00E-04 1.77E+00
cs 137 1.39E+05 2.00E-04 2.78E+01
PU 238 3.94E+03 2,00E-06 7.90E-03
PU 239 5.29E+02 2.00E-06 1.06E-03
PU 240 8.91E+02 2.00E-06 1.79E-03
PU 241 1.31E+05 2.00E-06 2.63E-01
AM 241 2.86E+03 2.00E-06 5.73E-03
CHM 244 2,.23E+03 2.00E-06 4.47E-03

SUMMARY OF POTENTIAL DOSE CONSEQUENCES

I LOCATION ACUTE EDE TOTAL EDE
REM REM
WEATHER PERCENTILE 50% 95% 50% 95%
1 Nearest Resident 4.01E-01 2.55E+00 4.01E-01 2.55E+00
2 Nearest Gas Station 1.46E-01 2.04FE+00 1.46E-01 2.04E+00
3 Nearest School 1.03E+00 1.59E+400 1.03E+00 1.59E+00
4 Nearest shopping Mal 95.48E-01 2.11E+00 9.48E-01 2.11E+00

SUMMARY OF POTENTIAL HEALTH CONSEQUENCES

I LOCATION ACUTE LATENT GENETIC
FATALITY FATALITY EFFECT
(WEATHER PERCENTILE) 50% 95% 50% 95% 50% 95%
1 Nearest Resident 0.00E+00 0.00E+00 3.20K-04 2.04E-03 6.01E-05 5.10K-04
2 Nearest Gas Station 0.00E+00 0.00E+00 1.16E-04 1.64E-03 2.91E-05 4.09E-04
3 Nearest School 0.00E+00 0.00E+00 8.22E-04 1.27E-03 2.06E-04 3.19E-04

4 Nearest shopping Mal 0.00B+00 0.00E+00 7.58E-04 1.65E-03 1.90E-04 4.22EK-04
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TRUCK ACCIDENT CASE 02/26/93 10:53 PAGE 18
RISKIND: OCRWM (2/93) File: RISKIND.INP
ACCIDENT RESPONSE REGION 8
STRUCTURE RESPONSE EXCEED 30.00 PERCENT STRAINS
TEMPERATURE LEVEL WITEIN 600. DEGREE F
ACCIDENT SCENARIO PROBABILITY (1/YR ) = 3.93E-14
NUCLIDE DCAY(1/YR) CURIE RELATIVE HAZARD
ACUTE INGESTION G.SHINE
SR 90 2.40E-02 9.67E+04 2.20E-02 1.33E-02 0.00E+00
cs 134 3.40E-01 8.82E+03 7.21E-03 1.12E-02 2.09E-02
cs 137 2.30E-02 1.39E+05 7.80E-02 9.73E-01 9.76E-01
PU 238 7.90E-03 3.94E+03 2.69E-01 1.98E-04 5.51E-07
PU 239 2.90E-05 5.29E+02 3.95E-02 3.48E-05 3.86E-08
PU 240 1.10E-04 8.91E+02 6.66E-02 5.84E-05 1.41E-07
PU 241 4.80E-02 1.31E+05 1.88E-01 7.13E-05 0.00E+00
AM 241 1.60E-03 2.86B+03 2.21E-01 1.88E-04 1.56E-05
CM 244 3.80E-02 2.23E+03 9.64E-02 4.18E-04 1.77E-07
TOTAL 9.88E-01 9.98E-01 9.97E-01
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TRUCK ACCIDENT CASE 02/26/93 10:53 PAGE 19

RISKIND: OCRWM (2/93) File: RISKIND.INP
NUCLIDE INVENTORY (Cl) FRAC-REL C1l-REL
SR 90 9.67E+04 2,00E-05 1.94E+00
Cs 134 8.82E+03 2.00E-03 1.77E+01
cs 137 1.39E+05 2.00E-03 2.79E+02
PU 238 3.94E+03 2.00E-05 7.92E-02
PU 239 5.29E+02 2.00E-05 1.06E-02
PU 240 8.91E+02 2.00E-05 1.7%E-02
PU 241 1.31E+05 2.00E-05 2.64E+00
AM 241 2.86E+03 2.00E-05 5.74E-02
cM 244 2,.23E+03 2.00E-05 4.49E-02

SUMMARY OF POTENTIAL DOSE CONSEQUENCES

I LOCATION ACUTE EDE TOTAL EDE
REM REM
WEATHER PERCENTILE 50% 95% 50% 95%
1 Nearest Resident 3.89E4+00 2.48E+01 3.99E+00 2.48B+01
2 Nearest Gas Station 1.42E+00 1.99F+01 1.42E+00 1.99E+01
3 Nearest School 9.99E+00 1.55E+01 9.99E+00 1.55E+01
4 Nearest Shopping Mal 9.21E+00 2.05E+01 9.21E+00 2.05E+01

SUMMARY OF POTENTIAL HEALTH CONSEQUENCES

I LOCATION ACUTE LATENT GENETIC
FATALITY FATALITY EFFECT
(WEATEER PERCENTILE) 50% 95% 50% 95% 50% 95%
1 Nearest Resident 0.00E+00 0.00E+00 3,.11E-03 1.968E-02 7.79E-04 4.96K-03
2 Nearest Gas Station 0.00E+00 0.00E+00 1.13E-03 1.59E-02 2.83E-04 3.97E-03
3 Nearest School 0.00E+00 0.00E+00 7.99E-03 1.24E-02 2.00E-03 3.10E-03

4 Nearest shopping Mal 0.00E+00 0.00E+00 7.37E-03 1.64E-02 1.84E-03 4.10E-03
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TRUCK ACCIDENT CASE
RISKIND: OCRWM (2/93)

ACCIDENT RESPONSE REGION

File: RISKIND.INP

STRUCTURE RESPONSE WITHIN

TEMPERATURE LEVEL WITHIN

9

02/26/93

10:53 PAGE 20

0.20 PERCENT STRAINS

650.

DEGREE F

ACCIDENT SCENARIO PROBABILITY (1/YR ) = 2.36E-05

NUCLIDE

CcM 244

DCAY (1/YR)

6.50E-02
2.40E-02
3.40E-01
2.30E-02
7.90E-03
2.90E-05
1.10E-04
4.80E-02
1.60E-03
3.80E-02

3.58E+03
8.20E+03
9.67E+04
8.82E+03
1.39EK+05
3.94E+03
5.29E+02
8.91E+02
1.31E+05
2.86E+03
2.23K+03

2.54E-01
3.74E-02
6.30E-02
1.78E-01
2.09E-01
9.12E-02

INGESTION

1.87E-04
4.15E-04

RELATIVE HAZARD

1.44E-05
1.63E-07

TOTAL

9.93E-01

9.98E-01

9.99E-01
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TRUCK ACCIDENT CASE 02/26/93 10:53 PAGE 21

RISKIND: OCRWM (2/983) FPile: RISKIND.INP
NUCLIDE INVENTORY (Ci) FRAC-REL Ci-REL
COo 60 3.58E+03 1.71E-05 6.15E-02
KR 85 8.20E+03 9.90E-03 8.14E+01
SR 90 9.67E+04 6.00E-08 5.82E-03
cs 134 8.82E+03 6.00E-06 5.31E-02
Ccs 137 1.39E+05 6.00E-06 8.35E-01
PU 238 3.94E+03 6.00E-08 2.37E-04
PU 239 5.29E+02 €.00E-08 3.18E-05
PU 240 8.91E+02 6.00E-08 5.36E-05
PU 241 1.31E+05 6.00E-08 7.89E-03
AM 241 2.86E+03 6.00E-08 1.72E-04
M 244 2.23E+03 6.00E-08 1.34E-04

SUMMARY OF POTENTIAL DOSE CONSEQUENCES

I LOCATION ACUTE EDE TOTAL EDE
REX REM
WEATEER PERCENTILE 50% 95% 50% 95%
1 Nearest Resident 1.24E-02 7.89E-02 1.24E-02 7.8SE-02
2 Nearest Gas Station 4.50E-03 6.32E-02 4.50E-03 6.32E-02
3 Nearest School 3.18E-02 4.92E-02 3.18E-02 4.52E-02

4 Nearest Shopping Mal 2.93E-02 6.52B-02 2.93E-02 6.52E-02

SUMMARY OF POTENTIAL HEALTH CONSEQUENCES

I LOCATION ACUTE LATENT GENETIC
FATALITY FATALITY EFFECT
(WEATHER PERCENTILE) 50% 95% T 50% 95% 50% 95%
1 Nearest Resident 0.00E+00 0.00E+00 9.91E-06 6.31E-05 2.48R-06 1.58E-05
2 Nearest Gas Station 0.00E+00 0.00E+00 3.60E-06 5.06R-05 9.00E-07 1.26E-05
3 Nearest School 0.00E+00 O0.00KE+00 2.54K-05 3,.94E-05 6.35E-06 9.85E-06

4 Nearest Shopping Mal 0.00E+00 0.00E+00 2.34E-05 5.22E-05 5.86E-06 1.30E-05
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TRUCK ACCIDENT CASE 02/26/93 10:53 PAGE 22

RISKIND: OCRWM (2/93) FPile: RISKIND.INP

ACCIDENT RESPONSE REGION 10
STRUCTURE RESPONSE WITHIN 2.00 PERCENT STRAINS
TEMPERATURE LEVEL WITHIN 650. DEGREE P

4

t

0

ACCIDENT SCENARIO PROBABILITY (1/YR ) = 3

.01E-07

NUCLIDE DCAY (1/YR) CURIE RELATIVE HAZARD
ACUTE INGESTION G.SHINE
co 60 1.30E-01 3.58E+03 7.15E-02 1.33E-02 1.47E-01
KR 85 6.50E-02 8.20E+023 2.10E-02 0.00E+00 0.00E+00
SR 90 2.40E-02 9.67E+04 2.01E-02 1.31E-02 0.00E+00
Cs 134 3.40E-01 8.82E+03 6.58E-03 1.10E-02 1.79E-02
cs 137 2.30E-02 1.39E+05 7.11E-02 $.60E-01 8.35E-01
PU 238 7.90E-03 3.94E+03 2.45E-01 1.95E-04 4.71E-07
PU 239 2.90E-05 5.29E+02 3.61E-02 3.43E-05 3.30E-08
PU 240 1.10E-04 8.91E+02 6.07E-02 5.76E-05 1.20E-07
PU 241 4.80E-02 1.31E+05 1.72E-01 7.03E-05 0.00E+00
AM 241 1.60E-03 2.86E+03 2.02E-01 1.86E-04 1.34E-05
CM 244 3.80E-02 2.23E+03 8.79E-02 4.13E-04 1.51E-07
TOTAL 9.94K-01 9.98E-01 9.99E-01
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TRUCK ACCIDENT CASE 02/26/93 10:53 PAGE 23
RISKIND: OCRWM (2/93) File: RISKIND.INP
NUCLIDE INVENTORY (Ci) FRAC-REL Ci-REL
CO 60 3.58E+03 1.14E-04 4.10E-01
KR 85 8.20E+03 3.30E-02 2.71E+02
SR 980 9.67E+04 2.00E-07 1.94E-02
cs 134 8.82E+03 2.00E-05 1.77E-01
cs 137 1.39E+05 2.00E-05 2.78E+00
PU 238 3.94E+03 2.00E-07 7.90E-04
PU 239 5.29E+02 2.00E-07 1.06E-04
PU 240 8.91E+02 2.00E-07 1.79E-04
PU 241 1.31E+05 2.00E-07 2.63E-02
AM 241 2.86E+03 2.00E-07 5.73E-04
CM 244 2.23E+03 2.00E-07 4.47E-04
SUMMARY OF POTENTIAL DOSE CONSEQUENCES
I LOCATION ACUTE EDE TOTAL EDE
REM RENM
WEATHER PERCENTILE 50% 95% 50% 95%
1 Nearest Resident 4.282-02 2.73E-01 4.28E-02 2.73E-01
2 Nearest Gas Station 1.56E-02 2.19B-01 1.56E-02 2.19E-01
3 Nearest School 1.10K-01 1.70E-01 1.10E-01 1.70E-01
4 Nearest Shopping Mal 1.01E-01 2.25E-01 1.01E-01 2.25E-01

SUMMARY OF POTENTIAL HEALTH CONSEQUENCES

I LOCATION ACUTE LATENT GENETIC
FATALITY FATALITY EFFECT
(WEATHER PERCENTILE) 50% 95% 50% 95% 50% $5%
1 Nearest Resident 0.00E+00 0.00E+00 3.42K-05 2.18E-04 8.56B-06 5.46E-05
2 Nearest Gas Station 0.00E+00 0.00E+00 1.25E-05 1.75E-04 3.11E-06 4.37E-05
3 Nearest School 0.00E+00 0.00E+00 8.79E-05 1.36E-04 2.20E-05 3.40K-05

4 Noaro-t Shopping Mal 0.00E+00 0.00E+00 6.11X-05 1.80R-04 2.03E-05 4.51E-05
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TRUCK ACCIDENT CASE
RISKIND: OCRWM (2/93)

ACCIDENT RESPONSE REGION

02/26/93 10:53 PAGE 24

File: RISKIND.INP

STRUCTURE RESPONSE WITHIN

TEMPERATURE LEVEL WITHIN

11
30.00 PERCENT STRAINS
650. DEGREE F

ACCIDENT SCENARIO PROBABILITY (1/YR ) = 2.03E-07

NUCLIDE

DCAY (1/YR)

1.60E-03
3.80E-02

3.58E+03
8.20E+03
9.67E+04
8.82E+03
1.39E+05
3.94E+03
5.298+02
8.91E4+02
1.31E+05
2.86E+03
2.23E+03

RELATIVE HAZARD
ACUTE INGESTION G.SHINE

7.76E-03 1.36E-03 1.72E-02
2.24E-02 0.00E+00 0.00E+00
2,.15E-02 1.33E-02 0.00E+00
7.03E-03 1.12E-02 2,06E-02
7.60E-02 9.72E-01 9.62E-01
2.62E-01 1.97E-04 5.42E-07
3.85E-02 3.47E-05 3.80E-08
6.49E-02 5.83E-05 1.38E-07
1.84E-01 7.12E-05 0.00E+00
2.15E-01 1.88E-04 1.54E-05
9.39E-02 4.18E-04 1.74E-07

9.93E-01 9.98E-01 9.99E-01
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TRUCK ACCIDENT CASE 02/26/93 10:53 PAGE 25

RISKIND: OCRWM (2/93) File: RISKIND.INP
NUCLIDE INVENTORY (Ci) FRAC-REL Ci-REL
CoO 60 3.58E+03 1.16E-04 4.16E-01
KR 85 8.20E+03 3.30E-01 2.71E+03
SR 90 9.67E+04 2.00E-06 1.94E-01
CsS 134 8.82E+03 2.00E-04 1.77E+00
cs 137 1.39E+05 2.00E-04 2.78E+01
PU 238 3.94E+03 2.00B-06 7.90E-03
PU 239 5.29E+02 2.00E-06 1.06E-03
PU 240 8.91K+02 2.00E-06 1.79E-03
PU 241 1.31E+05 2.00E-06 2.63E-01
AM 241 2.86E+03 2.00E-06 5.73E-03
CM 244 2.23E+03 2.00E-0 4.47E-03

SUMMARY OF POTENTIAL DOSE CONSEQUENCES

I LOCATION ACUTE EDE TOTAL EDE
REM REM
< WEATHER PERCENTILE 50% 95% 50% 95%
1 Nearest Resident 4.01E-01 2.55E+00 4.01E-01 2.55E+00
e 2 Nearest Gas Station 1.46E-01 2.04E+00 1.46E-01 2.04E+00
3 Nearest School 1.03E+00 1.59KE+00 1.03E+00 1.59E+00
an 4 Nearest Shopping Mal 9.48E-01 2.11X+00 9.48E-01 2.11E+00
(e
SUMMARY OF POTENTIAL HEALTH CONSEQUENCES
I LOCATION ACUTE LATENT GENETIC
FPATALITY FATALITY EPFECT
(WEATHER PERCENTILE) 50% 95% 50% 95% 50% 95%
T D S D s G G A R R D S D D D R D R WP Y N P P D D B D SR D D WD W U G W 0 W S D e A 6 S e W D D S S W D SR D P D S A D D D A P P I T W W .
1l Nearest Resident 0.00R+00 0.00BE+00 3.20E-04 2.04E-03 8.01E-05 5.10E-04
— 2 Nearest Gas Station 0.00E+00 0.00B+00 1.16E-04 1.64FE-03 2.91K-05 4.09E-04
3 Nearest School 0.00E+00 0.00R+00 8.22E-04 1.272-03 2.06E-04 3.19E-04
N 4 Nearest Shopping Mal 0.00E+00 0.00E+00 7.58E-04 1.652-03 1.90E-04 4.22B-04
Lo

7



a
£l

r
{

0

3

!

0 5

7

184

1*‘!*'iti.Q'.'ﬁiti*tiiiﬁ‘iit*tt't'tiitti'..ittt'itiiii*'tt.*t."t‘.!tttit'.-i*iiti

TRUCK ACCIDENT CASE 02/26/93 10:53 PAGE 26
RISKIND: OCRWM (2/93) File: RISKIND.INP
ACCIDENT RESPONSE REGION 12
STRUCTURE RESPONSE EXCEED 30.00 PERCENT STRAINS
TEMPERATURE LEVEL WITHIN 650. DEGREE P

ACCIDENT SCENARIO PROBABILITY (1/YR ) = 1.49E-14

NUCLIDE DCAY (1/¥R) CURIE RELATIVE HAZARD
ACUTE INGESTION G.SHINE
SR 80 2.40E-02 9.67E+04 2.20E-02 1.33E-02 0.00E+00
cs 134 3.40E-01 8.82E+03 7.21E-03 1.12E-02 2.08E-02
cs 137 2.30E-02 1.39E+05 7.80E-02 9.73E-01 9.76E-01
PU 238 7.90E-03 3.94E+03 2.69E-01 1.98E-04 5.51E-07
PU 239% 2.90E-05 5.29E+02 3.95E-02 3.48E-05 3.86E-08
PU 240 1.10E-04 8.91E+02 6.66E-02 5.84E-05 1.41E-07
PU 241 4.80E-02 1.31E+05 1.88E-01 7.13E-05 0.00E+00
AM 241 1.60E-03 2.86E+03 2.21E-01 1.88E-04 1.56E-05
CM 244 3.80E-02 2.23E+03 9.64E-02 4.18E-04 1.77E-07
TOTAL 9.88E-01 9.98E-01 9.97E-01
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TRUCK ACCIDENT CASE 02/26/93 10:53 PAGE 27

RISKIND: OCRWM (2/93) File: RISKIND.INP
NUCLIDE INVENTORY (Ci) FRAC-REL Ci-REL
SR 90 9.67E+04 2.00E-05 1.94E+00
cs 134 8.82E+03 2.00E-03 1.77E+01
cs 137 1.39E+05 2.00E-03 2.79E+02
PU 2386 3.94E+03 2.00E-05 7.92E-02
PU 239 5.29E+02 2.00E-05 1.06E-02
PU 240 8.91E+02 2.00E-05 1.79E-02
PU 241 1.31E+05 2.00E-05 2.64E+00
AM 241 2.86E+03 2.00E-05 5.74E-02
M 244 2,.23E+03 2.00E-05 4.49E-02

SUMMARY OF POTENTIAL DOSE CONSEQUENCES

I LOCATION ACUTE EDE TOTAL EDE
REM REM
WEATHER PERCENTILE 50% 95% 50% 95%
1 Nearest Resident 3.89E+00 2.48E+01 3.89E+00 2.48E+01
2 Nearest Gas Station 1.42E+00 1.99E+01 1.42E+00 1.959E+01
3 Nearest School 9.99E+00 1.55E+01 9.99B+00 1.55E+01
4 Nearest Shopping Mal 9.21E+00 2.05E+01 9.21E+00 2.05E+01

SUMMARY OF POTENTIAL HEALTH CONSEQUENCES

I LOCATION ACUTE LATENT GENETIC
FATALITY FATALITY EFFECT
(WEATHER PERCENTILE) 50% 95% 50% 95% 50% 95%
1l Nearest Resident 0.00E+00 o 00E+00 3.11E-03 1.98E-02 7.79E-04 4.96E-03
2 Nearest Gas Station 0.00E+00 0.00B+00 1.13E-03 1.59E-02 2.83E-04 3.97E-03
3 Nearest School 0.00E+00 0.00E+00 7.99E-03 1.24X-02 2.00E-03 3.10K-03

4 Nearest Shopping Mal 0.00E+00 O, 00l+00 7.37E-03 1.64FE-02 1.84E-03 4.10E-03
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TRUCK ACCIDENT CASE 02/26/93 10:53 PAGE 28
RISKIND: OCRWM (2/93) Pile: RISKIND.INP

ACCIDENT RESPONSE REGION 13

STRUCTURE RESPONSE WITHIN 0.20 PERCENT STRAINS

TEMPERATURE LEVEL WITHIN 1050. DEGREE F
ACCIDENT SCENARIO PROBABILITY (1/YR ) = 1.52E-05

7

e

3

I~

NUCLIDE DCAY (1/YR) CURIE RELATIVE HAZARD

ACUTE INGESTION G.SHINE
KR 85 6.50E-02 8.20E+03 2.65E-02 0.00E+00 0.00E+00
SR 90 2.40E-02 9.67E+04 2.15E-02 1.33E-02 0.00E+00
Cs 134 3.40E-01 8.82E+03 7.04E-03 1.12E-02 2.09E-02
cs 137 2.30E-02 1.39E+05 7.61E-02 9.72E-01 9.76E-01
PU 238 7.90E-03 3.94E+03 2.63E-01 1.97E-04 5.50E-07
PU 239 2.90E-05 5.29E+02 3.86E-02 3.47E-05 3.85E-08
PU 240 1.10E-04 8.91E+02 6.50E-02 5.83E-05 1.40E-07
PU 241 4.80E-02 1.31E+05 1.84E-01 7.12E-05 0.00E+00
AM 241 1.60E-03 2.86E+03 2.16E-01 1.68E-04 1.56E-05
CM 244 3.80E-02 2.23E+03 9.41E-02 4.18E-04 1.76E-07
TOTAL 9.91E-01 9.97E-01 9.97E-01
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TRUCK ACCIDENT CASE 02/26/93 10:53 PAGE 29

RISKIND: OCRWM (2/93) File: RISKIND.INP
NUCLIDE INVENTORY (C1) FRAC-REL Ci-REL
KR 85 8.20E+03 3.50E-01 3.21E+03
SR 80 9.67E+04 2.00E-06 1.94E-01
Cs 134 8.82E+03 2.00E-04 1.77E+00
cs 137 1.39E+05 2.00E-04 2.79E+01
PU 238 3.94E+03 2.00E-06 7.92E-03
PU 239 5.29E+02 2.00E-06 1.06E-03
PU 240 8.91E+02 2.00E-06 1.79E-03
PU 241 1.31E+05 2.00E-06 2.64E-01
AM 241 2.86E+03 2.00E-06 5.74E-03
M 244 2.23E+03 2.00E-06 4.48E-03

WK

SUMMARY OF POTENTIAL DOSE CONSEQUENCES

LOCATION ACUTE EDE TOTAL EDE
REM REM
WEATHER PERCENTILE 50% 95% 50% 95%
Nearest Resident 4.00E-01 2.55E+00 4.00E-01 2.55B+00
Nearest Gas Station 1.45B-01 2.04E+00 1.45E-01 2.04E+00
Nearest School 1.03E+00 1.59B+00 1.03E+00 1.59E+00
Nearest Shopping Mal 9.46E-01 2.11E+00 9.46E-01 2.11E+00
SUMMARY OF POTENTIAL HEALTH CONSEQUENCES
LOCATION ACUTE LATENT GENETIC
FATALITY FATALITY EFFECT
(WEATHER PERCENTILE) 50% 95% 50% 95% 50% 95%
Nearest Resident 0.00E+00 0.00E+00 3,.20E-04 2.04E-03 8.00E-05 5.10E-04
Nearest Gas Station 0.00E+00 0.00E+00 1.16B-04 1.63E-03 2.91E-05 4.08BE-04
Nearest School 0.00E+00 0.00E+00 6.21E-04 1.27E-03 2.05E-04 3.16E-04
Nearest Shopping Mal 0.00E+00 0.00B+00 7.57R-04 1.660E-03 1.989B-04 4.21BE-04
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TRUCK ACCIDENT CASE

02/26/93

RISKIND: OCRWM (2/93) File: RISKIND. INP

ACCIDENT RESPONSE REGION
STRUCTURE RESPONSE WITHIN
TEMPERATURE LEVEL WITHIN
ACCIDENT SCENARIO PROBABILITY (1/YR

14

Y2 2222223 2222222 222 2 2 R R R0 A AR

10:53 PAGE 30

2.00 PERCENT STRAINS

1050. DEGREE
) = 1.59E-07

F

RELATIVE HAZARD

ACUTE INGESTION

7.72E-03 1.36E-03
2.64E-02 0.00E+00
2.14E-02 1.33E-02
7.00E-03 1.12E-02
7.56E-02 9.71E-01
2.61E-01 1.97E-04
3.83E-02 3.47E-05
6.46E-02 5.83E-05
1.83E-01 7.11E-05
2.14E-01 1.88E-04
9.35E-02 4.17E-04

1.38E-07
0.00E+00
1.54E-05
1.74E-07

- . = - . e S e s R S R T P A R R e M D D T e R P G R e R R W ——

NUCLIDE DCAY (1/YR) CURIE
co 60 1.30E-01 3.58E+03
KR 85 6.50E-02 8.20E+03
SR 90 2.40E-02 9.67E+04
Cs 134 3.40E-01 8.82E+03
cs 137 2.30E-02 1.39E+05
PU 238 7.90E-03 3.94E+03
PU 239 2.90E-05 5.29E+02
PU 240 1.10E-04 8.91E+02
PU 241 4.80E-02 1.31E+05
AM 241 1.60E-03 2.86E+03
CM 244 3.80E-02 2.23E+03
TOTAL

9.92E-01 9.97E-01

9.99E~01
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TRUCK ACCIDENT CASE 02/26/93 10:53 PAGE 31

RISKIND: OCRWM (2/83) File: RISKIND.INP
NUCLIDE INVENTORY(Ci) FRAC-REL Ci-REL
co 60 3.58E+03 ' 1.16E-04 4.16E-01
KR 85 8.20E+03 3.90E-01 3.21E+03
SR 90 8.67E+04 2.00E-06 1.94E-01
Ccs 134 8.82E+03 2.00E-04 1.77E+00
cs 137 1.39E+05 2.00E-04 2.78E+01
PU 238 3.94E+03 2.00E-06 7.90E-03
PU 235 5.29E+02 2.00E-06 1.06E-03
PU 240 8.91E+02 2.00E-06 1.79E-03
PU 241 1.31E+05 2.00E-06 2.63E-01
AM 241 2.86E+03 2.00E-06 5.73E-03
CM 244 2.23E+03 2.00E-06 4.48E-03

SUMMARY OF POTENTIAL DOSE CONSEQUENCES

I LOCATION ACUTE EDE TOTAL EDE
REX REM
WEATHER PERCENTILE 50% 95% 50% 95%
1 Nearest Resident 4.02E-01 2.56E+00 4.02E-01 2.56E+00
2 Nearest Gas Station 1.46E-01 2.05E+00 1.46E-01 2.05E+00
3 Nearest School 1.03E+00 1.60E+00 1.03E+00 1.60E+00
4 Nearest Shopping Mal 9.52E-01 2.12E+00 9.52E-01 2.12E+00

SUMMARY OF POTENTIAL HEALTE CONSEQUENCES

I LOCATION ACUTE LATENT GENETIC
FATALITY FATALITY EPFECT
(WEATHER PERCENTILE) 50% 95% 50% 95% 50% 95%
1 Nearest Resident 0.00E+00 0.00KE+00 3.22E-04 2.05B-03 8.05E-05 5.13E-04
2 Nearest Gas Station 0.00E+00 0.00E+00 1.17E-04 1.64E-03 2.93R-05 4.11E-04
3 Nearest School 0.00E+00 0.00E+00 8.26E-04 1.28E-03 2.06R-04 3.20E-04

4 Nearest shopping Mal 0.00K+00 0.00E+00 7.62E-04 1.70E-03 1.90E-04 4.24E-04
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TRUCK ACCIDENT CASE 02/26/93 10:53 PAGE 32
RISKIND: OCRWM (2/93) File: RISKIND.INP
ACCIDENT RESPONSE REGION 15
STRUCTURE RESPONSE WITHIN 30.00 PERCENT STRAINS
TEMPERATURE LEVEL WITHIN 1050. DEGREE F
ACCIDENT SCENARIO PROBABILITY (1/YR ) = 1.08E-07
NUCLIDE DCAY(1/YR) CURIE RELATIVE HAZARD
ACUTE INGESTION G.SHINE
cO 60 1.30E-01 3.58E+03 7.72E-03 1.36E-03 1.72E-02
KR 85 6.50E-02 8.20E+03 2.64E-02 0.00E+00 0.00E+00
SR 90 2.40E-02 9.67E+04 2.14E-02 1.33E-02 0.00E+00
Ccs 134 3.40E-01 8.82E+03 7.00E-03 1.12E-02 2.06E-02
Ccs 137 2.30E-02 1.39E+05 7.56E-02 9.71E-01 9.62E-01
PU 238 7.90E-03 3.94E+03 2.61E-01 1.97E-04 5.42E-07
PU 239 2.90E-05 5.29E+02 3.83E-02 3.47E-05 3.80E-08
PU 240 1.10E-04 8.91E+02 6.46E-02 5.83E-05 1.38E-07
PU 241 4.80E-02 1.31E+05 1.83E-01 7.11E-05 0.00E+00
AM 241 1.60E-03 2.86E+03 2.14E-01 1.88E-04 1.54E-05
CM 244 3.80E-02 2.23E+03 9.35E-02 4.17E-04 1.74E-07
TOTAL 9.92E-01 9.97E-01 9.99E-01
)
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TRUCK ACCIDENT CASE 02/26/93 10:53 PAGE 33

RISKIND: OCRWM (2/93) Pile: RISKIND.INP
NUCLIDE INVENTORY (Ci) FRAC-REL Ci-REL
co 60 3.58E+03 1.16E-04 4.16E-01
KR 85 8.20E+03 3.90E-01 3.21E+03
SR 90 S.67E+04 2.00E-06 1.94E-01
cs 134 8.82E+03 2.00E-04 1.77E+00
cs 137 1.39E+05 2.00E-04 2.78E+01
PU 238 3.94E+03 2.00E-06 7.90E-03
PU 239 5.29E+02 2.00E-06 1.06E-03
PU 240 8.91E+02 2.00E-06 1.79E-03
PU 241 1.31E+05 2.00E-06 2.63E-01
AM 241 2.86E+03 2.00E-06 5.73E-03
CM 244 2.23E+03 2.00E-06 4.48E-03

AWM R

SUMMARY OF POTENTIAL DOSE CONSEQUENCES

LOCATION ACUTE EDE TOTAL EDE
REM REM
WEATHER PERCENTILE 50% 95% 50% 95%
Nearest Resident 4.02B-01 2.56E+00 4.02E-01 2.56E+00
Nearest Gas Station 1.46E-01 2.05E+00 1.46E-01 2.05E+00
Nearest School 1.03E+00 1.60E4+00 1.03E+00 1.60E+00

Nearest Shopping Mal 9.52E-01 2.12E+00 9.52E-01 2.12E+00

SUMMARY OF POTENTIAL HEALTH CONSEQUENCES

LOCATION ACUTE LATENT GENETIC
FATALITY FATALITY EFFECT
(WEATHER PERCENTILE) 50% 95% 50% 95% 50% 95%
Nearest Resident 0.00E+00 0.00E+00 3.22E-04 2.05E-03 8.0SE-05 5.13E-04
Nearest Gas Station 0.00E+00 0.00E+00 1.17E-04 1.64E-03 2.93E-05 4.11E-04
Nearest School 0.00E+00 0.00E+00 8.26E-04 1.28KE-03 2.06E-04 3.20E-04

Nearest shopping Mal 0.00E+00 0.00E+00 7.62E-04 1.70E-03 1.90K-04 4.24E-04
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TRUCK ACCIDENT CASE 02/26/93 10:53 PAGE 34
RISKIND: OCRWM (2/93) File: RISKIND.INP

ACCIDENT RESPONSE REGION 16
STRUCTURE RESPONSE EXCEED 30.00 PERCENT STRAINS
TEMPERATURE LEVEL WITHIN 1050. DEGREE P

ACCIDENT SCENARIO PROBABILITY (1/YR ) = 7.68E-16

-y
%)

th

0 3

3

-
¥,
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o~y
e
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NUCLIDE DCAY(1/YR) CURIE RELATIVE HAZARD
ACUTE INGESTION G.SHINE
SR 90 2.40E-02 9.67E+04 2.20E-02 1.33E-02 0.00E+00
Cs 134 3.40E-01 8.82E+03 7.20E-03 1.12E-02 2.09E-02
cs 137 2.30E-02 1.39E+05 7.79E-02 9.72E-01 9.76E-01
PU 238 7.90E-03 3.94E+03 2.69E-01 1.97E-04 5.51E-07
PU 239 2.90E-05 5.29E+02 3.95E-02 3.47E-05 3.86E-08
PU 240 1.10E-04 8.91E+02 6.65E-02 5.83E-05 1.41E-07
PU 241 4.80E-02 1.31E+05 1.88E-01 7.12E-05 0.00E+00
AM 241 1.60E-03 2.86E+03 2.21E-01 1.88E-04 1.56E-05
CHM 244 3.80E-02 2.23E+03 9.63E-02 4.18E-04 1.76E-07
TOTAL 9.87E-0 9.97E-01 9.97E-01
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TRUCK ACCIDENT CASE 02/26/93 10:53 PAGE 35

RISKIND: OCRWM (2/93) File: RISKIND.INP
NUCLIDE INVENTORY (Ci) FRAC-REL Ci-REL
SR 90 9.67E+04 2.00E-05 1.95E+00
Cs 134 8.82E+03 2.00E-03 1.78E+01
cs 137 1.39E+05 2.00E-03 2.79E+02
PU 238 3.94E+03 2.00E-05 7.92E-02
PU 239 5.29E+02 2.00E-05 1.06E-02
PU 240 8.91E+02 2,00E-05 1.79E-02
PU 241 1.31E+05 2.00E-05 2.64E+00
AM 241 2.86E+03 2.00E-05 5.75E-02
cM 244 2.23E+03 2.00E-05 4.49E-02

SUMMARY OF POTENTIAL DOSE CONSEQUENCES

I LOCATION ACUTE EDE TOTAL EDE
REM REM
WEATEER PERCENTILE 50% 95% 50% 95%

1 Nearest Resident 3.90E+00 2.48E+01 3.90E+00 2.48E+01
2 Nearest Gas Station 1.42B+00 1.99E+01 1.42E+00 1.99E+01
3 Nearest School 9.99E+00 1.55B+01 9.95E+00 1.55E+01
4 Nearest Shopping Mal 9.22E+00 2,.05E+01 9.22E+00 2.05E+01

SUMMARY OF POTENTIAL HEALTH CONSEQUENCES
I LOCATION ACUTE LATENT GENETIC

FPATALITY FATALITY EFFECT
(WEATHER PERCENTILE) 50% 95% 50% 95% 50% 95%

1 Nearest Resident 0.00E+00 0.00E+00 3.12E-03 1.99E-02 7.79E-04 4.96E-03
2 Nearest Gas Station 0.00E+00 0.00E+00 1.13E-03 1.59E-02 2.83E-04 3.98E-03
3 Nearest School 0.00E+00 0.00E+00 7.99E-03 1.24E-02 2.00E-03 3.10E-03

4 Nearest Shopping Mal 0.00E+00 0.00E+00 7.38E-03 1.64E-02 1.984E-03 {.10E-03
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TRUCK ACCIDENT CASE 02/26/93 10:53 PAGE 36
RISKIND: OCRWM (2/93) File: RISKIND.INP
ACCIDENT RESPONSE REGION 17
STRUCTURE RESPONSE WITHIN 0.20 PERCENT STRAINS
TEMPERATURE LEVEL EXCEED 1050. DEGREE F

ACCIDENT SCENARIO PROBABILITY (1/YR ) = 9.57E-06

NUCLIDE DCAY (1/YR) CURIE RELATIVE HAZARD

ACUTE INGESTION G.SHINE

SR 90 2.40E-02 9.67E+04 2.20E-02 1.33E-02 0.00E+00

Cs 134 3.40E-01 8.82E+02 7.21E-03 1.12E-02 2.10E-02

Ccs 137 2.30E-02 1.39E+05 7.80E~02 9.72E-01 9.78E-01

PU 238 7.90E-03 3.94E+03 2.69E-01 1.98E-04 5.52E-07

PU 239 2.90E-05  5.29E+02  3.95E-02  3.47E-05  3.86E-08

PU 240 1.10E-04 8.91E+02 6.65E-02 5.84E-05 1.41E-07

PU 241 4.80E-02 1.31E+05 1.88E-01 7.12E-05 0.00E+00

AM 241 1.60E-03 2.86E+03 2.21E-01 1.88E-04 1.57E-05

CHM 244 3.80E-02 2.23E+03 9.64E-02 4.18E-~04 1.77E-07

TOTAL 9.88E-01 9.97E-01 9.99E-01
s
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TRUCK ACCIDENT CASE 02/26/93 10:53 PAGE 137

RISKIND: OCRWM (2/93) File: RISKIND.INP
NUCLIDE INVENTORY (Ci) FRAC-REL Ci-REL
SR 90 8.67E+04 2.00E-05 1.94E+00
Cs 134 8.82E+03 2.00E-03 1.77E+01
Ccs 137 1.39E+05 2.00E-03 2.79E+02
PU 238 3.94E+03 2.00E-05 7.92E-02
PU 239 5.29E+02 2.00E-05 1.06E-02
PU 240 8.91BE+02 2.00E-05 1.7%E-02
PU 241 1.31E+05 2.00E-05 2.64E+00
AM 241 2.86E+03 2.00E-05 5.74E-02
CM 244 2.23E+03 2.00E-05 4.49E-02

SUMMARY OF POTENTIAL DOSE CONSEQUENCES

I LOCATION ACUTE EDE TOTAL EDE
REM REM
WEATHER PERCENTILE 50% 95% 50% 95%
1l Nearest Resident 3.89E4+00 2.48E+01 3.89E+00 2.48E+01
2 Nearest Gas Station 1.42E+00 1.99E+01 1.42E+00 1.995E+01
3 Nearest School 9.99E+00 1.55E+01 9.99E+00 1.55E+01
4 Nearest Shopping Mal 9.21B+00 2.05E+01 9.21E+00 2.05E+01

SUMMARY OF POTENTIAL HEALTH CONSEQUENCES

I LOCATION ACUTE LATENT GENETIC
FATALITY FATALITY EPFECT
(WEATHER PERCENTILE) 50% 95% 50% 95% 50% 95%
1l Nearest Resident 0.00B+00 0.00E+00 3.11E-03 1.98E-02 7.79E-04 4.96E-03
2 Nearest Gas Station 0.00E+00 0.00E+00 1.13E-03 1.59E-02 2.83E-04 3.97E-03
3 Nearest School 0.00E+00 0.00E+00 7.99FK-03 1.24E-02 2.00E-03 3.10E-03

4 Nearest shopping Mal 0.00E+00 0.00E+00 7.37E-03 1.64E-02 1.84E-03 4.10E-03
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TRUCK ACCIDENT CASE 02/26/93 10:54 PAGE 38
RISKIND: OCRWM (2/93) Pile: RISKIND.INP

ACCIDENT RESPONSE REGION 18

STRUCTURE RESPONSE WITHIN 2.00 PERCENT STRAINS
TEMPERATURE LEVEL EXCEED 1050. DEGREE F
ACCIDENT SCENARIO PROBABILITY (1/YR ) = 7.20E-08

NUCLIDE DCAY(1/YR) CURIE RELATIVE HAZARD
ACUTE INGESTION G.SHINE
SR 90 2.40E-02 9.67E+04 2.20E-02 1.33E-02 0.00E+00
cs 134 3.40E-01 8.82E+03 7.20E-03 1.12E-02 2.09E-02
cs 137 2.30E-02 1.39E+05 7.79E-02 9.72E-01 9.76E-01
PU 238 7.90E-03 3.94E+03 2.69E-01 1.97E-04 5.51E-07
PU 239 2.90E-05 5.29E+02 3.95E-02 3.47E-05 3.86E-08
PU 240 1.10E-04 8.91E+02 6.65E-02 5.83E-05 1.41E-07
PU 241 4.80E-02 1.31E+05 1.88E-01 7.12E-05 0.00E+00
AM 241 1.60E-03 2.86E+03 2.21E-01 1.88E-04 1.56E-05
CM 244 3.80E-02 2.23E+03 9.63E-02 4.18E-04 1.76E-07
TOTAL 9.87E-01 9.97E-01 9.97E-01
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TRUCK ACCIDENT CASE 02/26/93 10:54 PAGE 39

RISKIND: OCRWM (2/93) Flle: RISKIND.INP
NUCLIDE INVENTORY (Ci) FRAC-REL Ci-REL
SR 90 9.67E+04 2.00E-05 1.95E+00
CS 134 8.82E+03 2.00E-03 1.78E+01
Cs 137 1.39E+05 2.00E-03 2.79E+02
PU 238 3.94E+03 2.00E-05 7.92E-02
PU 239 $.29E+02 2.00E-05 1.06E-02
PU 240 8.91E+02 2.00E-05 1.79E-02
PU 241 1.31E+05 2.00E-05 2.64E+00
AM 241 2.86E+03 2.00E-05 5.75E-02
cM 244 2.23E+03 2.00E-05 4.49E-02

SUMMARY OF POTENTIAL DOSE CONSEQUENCES

I LOCATION ACUTE EDE TOTAL EDE
REM REM
WEATHER PERCENTILE 50% 959% 50% 95%
1 Nearest Resident 3.90B+00 2.48E+01 3.90B+00 2.46E+01
2 Nearest Gas Station 1.42E+00 1.99E+01 1.42E+00 1.99E+01
3 Nearest School 9.99E+00 1.55B+01 9.99E+00 1.55E+01
4 Nearest sShopping Mal 9.22E+00 2.05E+01 9.22E+00 2.05E+01

SUMMARY OF POTENTIAL HEALTH CONSEQUENCES

I LOCATION ACUTE LATENT GENETIC
FATALITY PATALITY EFPFECT
(WEATHER PERCENTILE) 50% 95% 50% 95% 50% 95%
1l Nearest Resident 0.00E+00 0.00E+00 3.12E-03 1.99E-02 7.79E-04 4.96E-03
2 Nearest Gas Station 0.00E+00 0.00E+00 1.13E-03 1.59E-02 2.83E-04 3.98E-03
3 Nearest School 0.00E+00 0.00E+00 7.99E-03 1.24E-02 2.00E-03 3.10E-03

4 Nearest Shopping Mal 0.00E+00 0.00E+00 7.38E-03 1.64E-02 1.84E-03 4.10E-03
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TRUCK ACCIDENT CASE
RISKIND: OCRWM (2/93)

ACCIDENT RESPONSE REGION

198

File: RISKIND.INP

STRUCTURE RESPONSE WITHIN

TEMPERATURE LEVEL EXCEED
ACCIDENT SCENARIO PROBABILITY (1/YR ) = 4.

NUCLIDE

DCAY (1/¥YR)

CURIE

9.67E+04
8.82E+03
1.39E+05
3.94E+03
5.29E+02
8.91E+02
1.31E+05
2.86E+03
2,23E+03

19

02/26/93 10:

54 PAGE 40

30.00 PERCENT STRAINS
1050. DEGREE F

9.87E-01

87E-08

RELATIVE HAZARD
INGESTION

9.97E-01

0.00E+00
2.09E-02
9.76E-01
5.51E-07
3.86E-08
1.41E-07
0.00E+00
1.56E-05
1.76E-07

9.97E-01
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TRUCK ACCIDENT CASE 02/26/93 10:54 PAGE 41

RISKIND: OCRWM (2/93) File: RISKIND.INP
NUCLIDE INVENTORY (Ci) FRAC-REL Ci-REL
SR 90 9.67E+04 2.00E-05 1.95E+00
Ccs 134 8.82E+03 2.00E-03 1.78E+01
cs 137 1.39E+05 2.00E-03 2.79E+02
PU 238 3.94E+03 2.00E-05 7.92E-02
PU 239 5.29E+02 2.00E-05 1.06E-02
PU 240 8.91E+02 2.00E-05 1.79E-02
PU 241 1.31E+05 2.00E-05 2.64E+00
AM 241 2.86E+03 2.00E-05 5.75E-02
CM 244 2.23E+03 2.00E-05 4.45E-02

W R

SUMMARY OF POTENTIAL DOSE CONSEQUENCES

LOCATION ACUTE EDE TOTAL EDE
REM REM
WEATHER PERCENTILE 50% 95% 50% 95%
Nearest Resident 3.90E+00 2.48E+01 3.90E+00 2.48E+01
Nearest Gas Station 1.42E+00 1.99E+01 1.42E+00 1.99E+01
Nearest School 9.99E+00 1.55B+01 9.99E+00 1.55E+01
Nearest Shopping Mal 9.22E+00 2.05E+01 $.22E+00 2.05E+01
SUMMARY OF POTENTIAL HEALTH CONSEQUENCES
LOCATION ACUTE LATENT GENETIC
PATALITY FATALITY EFFECT
(WEATHER PERCENTILE) 50% 95% 50% 95% 50% 95%
Nearest Resident 0.00E+00 0.00KE+00 3.12E-03 1.99E-02 7.79R-04 4.96E-03
Nearest Gas Station 0.00E+00 0.00B+00 1.13E-03 1.59E-02 2.83E-04 3.98E-03
Nearest School 0.00E+00 0.00E+00 7.95E-03 1.24K-02 2.00E-03 3.10E-03
Nearest Shopping Mal 0.00E+00 0.00E+00 7.38E-03 1.64E-02 1.84E-03 4.10E-03
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TRUCK ACCIDENT CASE 02/26/93 10:54 PAGE 42
RISKIND: OCRWM (2/93) File: RISKIND.INP
ACCIDENT RESPONSE REGION 20
STRUCTURE RESPONSE EXCEED 30.00 PERCENT STRAINS
TEMPERATURE LEVEL EXCEED 1050. DEGREE F

ACCIDENT SCENARIO PROBABILITY (1/YR ) = 1.00E-16

NUCLIDE DCAY(1/YR) CURIE RELATIVE HAZARD

ACUTE INGESTION G.SHINE
SR 90 2.40E-02 9.67E+04 2.20E-02 1.33E-02 0.00E+00
Cs 134 3.40E-01 8.82E+03 7.20E-03 1.12E-02 2.09E-02
cs 137 2.30E-02 1.39E+05 7.7%E-02 9.72E-01 9.76E-01
PU 238 7.90E-03 3.94E+03 2.69E-01 1.97E-04 5.51E-07
PU 239 2.90E-05 5.29E+02 3.95E-02 3.47E-05 3.86E-08
PU 240 1.10E-04 8.91E+02 6.65E-02 5.83E-05 1.41E-07
PU 241 4.80E-02 1.31E+05 1.88E-01 7.12E-05 0.00E+00
AM 241 1.60E-03 2.86E+03 2.21E-01 1.88E-04 1.56E-05
CM 244 3.80E-02 2.23E+03 9.63E-~-02 4.18E-04 1.76E-07
TOTAL 9.87E-01 9.97E-01 9.97E-01
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TRUCK ACCIDENT CASE 02/26/93 10:54 PAGE 43

RISKIND: OCRWM (2/93) File: RISKIND.INP
NUCLIDE INVENTORY (Ci) FRAC-REL Ci-REL
SR 90 9.67E+04 2.00E-05 1.95E+00
Cs 134 8.82E+03 2.00E-03 1.78E+01
cs 137 1.39E+05 2.00E-03 2.79E+02
PU 238 3.94E+03 2.00E-05 7.92E-02
PU 239 5.29E+02 2.00E-05 1.06E-02
PU 240 8.91E+02 2.00E-05 1.79E-02
PU 241 1.31E+05 2.00E-05 2.64E+00
AM 241 2.86E+03 2.00E-05 5.75E-02
CM 244 2.23E+03 2.00E-05 4.45E-02

SUMMARY OF POTENTIAL DOSE CONSEQUENCES

I LOCATION ACUTE EDE TOTAL EDE
REM REM
WEATHER PERCENTILE 50% 95% 50% 95%
1l DNRearest Resident 3.90E+00 2.48E+01 3.950E+00 2.48E+01
2 Nearest Gas Station 1.42E+00 1.99E+01 1.42E+00 1.99BE+01
3 Nearest School 9.99E4+00 1.55E+01 9.99E+00 1.55E+01
4 Nearest Shopping Mal 9.22E+00 2.05E+01 $.22B+00 2.05E+01

SUMMARY OF POTENTIAL HEALTH CONSEQUENCES

I LOCATION ACUTE LATENT GENETIC
FATALITY FATALITY EFPFECT
(WEATHER PERCENTILE) 50% 95% 50% 95% 50% 95%
1l Nearest Resident 0.00E+00 0.00E+00 3.12E-03 1.99E-02 7.79E-04 4.96E-03
2 Nearest Gas Station 0.00X+00 0.002+00 1.13E-03 1.59E-02 2.83E-04 3.98E-03
3 Nearest School 0.00E+00 0.00E+00 7.99%E-03 1.24E-02 2.00E-03 3.10E-03
4 Nearest Shopping Mal 0.00E+00 0.00E+00 7.36E-03 1.64E-02 1.84E-03 4.10E-03

SUMMARY PROBABILITY WEIGHTED DOSE RISKS
( 95% WEATHER )

I LOCATION ACUTE EDE TOTAL EDE
REM REM

1l Nearest Resident 8.07%-02 8.07R-02

2 Nearest Gas Station 1.08E-01 1.06E-01

3 Nearest School 1.61k-02 1.61K-02

4 Nearest shopping Mal 3.14%-02 3.14E-02

SUMMARY PROBABILITY WEIGHTED HEALTH RISKS

I LOCATION ACUTE LATENT GENETIC

PATALITY PATALITY EPPECT
1l Nearest Resident 0.00E+00 6.45E-05 1.61E-05
2 Nearest Gas Station 0.00E+00 8.65E-05 2.16E-05
3 Nearest School 0.00E+00 1.29E-05 3.228-06
4 Nearest Shopping Mal 0.00E+00 2.51R-05 6.27B-06
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